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ABSTRACT 
The purpose of this thesis was to investigate the soil quality of selected farms in Skagit 
County, Washington, to determine whether conventional farming practices have resulted in lower soil 
quality than organic practices. Comparative organic and conventional farms were measured for 
percent soil organic matter content, annelids, soil moisture, soil compaction levels, infiltration, 
nitrogen, phosphorus, potassium, salinity, and soil pH. The hypothesis was that within conventionally 
managed fields, one would find degraded soil quality as evidenced by less soil organic matter; fewer 
annelids; lower soil pH and salinity; lower soil moisture; lower levels of nitrogen, phosphorus, and 
potassium; increased compaction; and, lower water infiltration rates. Such factors would reduce the 
farm’s ability to respond to drought conditions, allow topsoil erosion, and result in an increased loss 
of soil. The results showed that, in terms of soil quality, the lower soil organic matter and annelids 
content in conventional farms was statistically significant. Indeed, the results show that SOM and 
annelids are soil properties which change relatively quickly, regardless of soil type, when organic 
practices are introduced.  Thus, these two variables may provide the strongest evidence for soil 
improvement when changing to organic practices.   It is possible that testing for these two variables 
alone, may be adequate for determining and categorizing soil quality in Skagit County, and 
elsewhere. Regarding organic practices and lower soil quality values for other variables tested, it is 
possible that conversion to organic is too recent for statistically significant differences between 
management practices to be apparent.   
 v 
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1Chapter 1 
THESIS BACKGROUND, HISTORY, AND AIMS OF RESEARCH 
1.1 Introduction 
Intent of Thesis 
“Soil is the basis of agricultural and of natural plant communities. Thus the 
thin layer of soil covering the surface of the earth represents the difference 
between survival and extinction for most land based life.”  
(Doran et al., 1996, p. 3). 
The intent of the study was to perform a comparative soil analysis of conventional and 
organic farms. This study analyzed the soil properties of distinct agricultural land management 
practices in Skagit County to quantitatively determine any differences in soil quality. Specifically, 
soil organic matter (SOM), soil moisture (SM), pH, electrical conductivity (salinity per total dissolved 
solids), infiltration, and nutrient density were examined. How these soil quality characteristics play a 
role in the sustainability of the local agricultural system was also investigated. Essentially, this study 
asked the question: Do organic farms exhibit higher soil quality in all three parameters (physical, 
chemical, and biological)? 
Sustainable Soils for Sustainable Farming 
As the demand increases for food production to meet our growing global population needs, 
additional stresses and demands will be placed on our soils. If conventional farming, defined as that 
which uses synthetic fertilizers, pesticides, and a heavy reliance on tillage, continues to be the 
prevalent method of production, the consequences will be reflected in diminished soil quality, 
affecting the soil’s ability to continue to produce food (Reginald et al., 1987; Gomiero et al., 2011). 
For the purposes of this thesis, soil quality is defined as “the continued capacity of soil to function as 
a vital living ecosystem that sustains plants, animals, and humans” (USDA-NRCS, 2001, P. 51). 
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Instead of focusing on greater and greater yields in production agriculture, which will eventually 
exhaust soil nutrients, the goal should be an agricultural management system that has the capability to 
preserve or improve soil quality (Rodale Institute, 2015).  
Within the United States and Western Europe, the focus on agricultural sustainability2 is 
growing. As the understanding of the relationships among soil quality, soil fertility, soil and human 
health, and agricultural sustainability continues to develop, so have the scientific investigations into 
the relationship of environmental sustainability to soil health (Karlen et al., 2003). Numerous studies 
in soil management from the late 20th and early 21st century have highlighted relationships among 
soil quality, health, and sustainability in, for example, organic farming systems (Tuomisto et al., 
2012). In this thesis, organic farming is used to indicate that the food or other agricultural products 
has been produced through approved methods determined by the US Department of Agriculture.3 
Impacts of conventional versus organic farming are often manifested within the soil itself.  
While conventional agriculture tends to treat the soil as merely a growing medium for plants, organic 
agriculture is fundamentally different.  According to several key soil scientists, soil degradation 
associated with the conversion of natural ecosystems to conventional agricultural systems has been 
widely studied, and results are documented. (Hillel, 1991; Pimentel et al, 1995; Lal, 2004; 
Montgomery, 2008a; 2007b; Lal, 2010; Quinton et al, 2010). Conventional farming is known to 
degrade soils, which suggests problems for the sustainability of agricultural production. Such 
challenges to sustainability are exacerbated by increased periods of drought, which may be attributed 
to climate change (Reganold et al., 1987; Pimentel et al., 1995; Mader et al., 2002a; Sullivan, 2002; 
Lotter et al., 2003; Montgomery, 2007a; 2007b; Lal, 2010; NRC, 2010). In contrast, organic farming 
                                                     
2 Agricultural sustainability is defined as “a system that can maintain or enhance soil quality 
indefinitely” (Rodale Institute, 2011, P. 4).   
3 “These methods integrate cultural, biological, and mechanical practices that foster cycling of 
resources, promote ecological balance, and conserve biodiversity. Synthetic fertilizers, sewage sludge, 
irradiation, and genetic engineering may not be used” (USDA, 2015, P. 1).  
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attempts to mimic or follow natural processes that tend to improve soil and plant health while 
preserving soil and water resources (Gomiero et al, 2011). This is especially important during times 
of drought when compromise to soil structure, a result of conventional farming practices, limits water 
retention.  
It is important to note that increases in SOM and other favorable soil quality characteristics 
change slowly over time with organic management (Gomiero et al, 2011). In some cases, degraded 
soils can take years to develop before changes in quality can be detected.  This is important to note as 
the slow rates of change affect accurate assessment of soil qualities under different management 
styles (Gomiero et. al., 2011).  
Unfortunately, there are only a few long-term studies undertaken on experimental farms 
showing the impacts of conventional and organic farming on soil quality characteristics (Diepeningen 
et al., 2005; Gomiero et al., 2011). A limited number of studies nonetheless have shown differences in 
SOM levels and have suggested varying degrees of adaptive capacity to withstand threats such as 
droughts, both on farms in the United States and in the European Union (Reganold et al, 1987). These 
studies have shown that higher SOM resulted in lower soil erosion (Reganold et al, 1987), higher total 
nitrogen levels (Tilman, 1998), and increased water storage efficiency or drought resistance (Pretty et 
al, 2006). 
This thesis research investigates much the same, suggesting the benefits of organic 
management systems and the impact they can have upon soil quality in fully developed organic 
production. 
1.2 Structure of the Thesis 
“Soil literally provides the foundation of sustainable land management 
through processes such as nutrient and water cycling, filtering and buffering 
of contaminants, decomposition of crop residues and other organic matter 
sources, and recycling of plant nutrients” (Karlen et al, 2003, P. 3). 
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This research studies the effects of different agricultural management styles on soil quality 
characteristics. Once sites were secured, the research team traveled to each site to take soil samples. 
The soil samples were then analyzed for all three soil quality parameters (physical, biological, and 
chemical). Please note that, in this thesis, while “parameters” refer generally to physical, biological, 
and chemical aspects of soil; soil quality “characteristics” and “indicators” are used interchangeably 
throughout in discussing specific soil variables actually measured. Once the soil was analyzed, the 
data were organized into individual data sets for each site. Data sets from different management styles 
were then compared as matched pairs (conventional versus organic fields on the same soil type). 
Measures of central tendency were used to show differences between each matched pair to determine 
which field expressed higher levels of soil quality, Student's t-tests (parametric data) and Mann-
Whitney tests (non-parametric data) were used to determine if the data were statistically different. 
Once statistical analyses was run, an analysis of the overall sustainability and soil quality was 
conducted per matched pairs and ultimately between all of the conventional versus all of the organic 
fields. Thus, the hypothesis could be confirmed or disproved. 
1.3 What this Thesis is About: Background and Current 
Agricultural Trends 
“For centuries, traditional farmers have developed diverse and locally 
adapted agricultural systems, managing them with ingenious practices that 
often result in both community food security and the conservation of agro-
biodiversity” 
(Altieri, 2004, P. 1). 
Within the United States, traditional ecological farmers,4 a term used mostly in developing 
economies but also applicable here, have worked to produce an ecological balance that preserves 
                                                     
4 Traditional ecological farmers are defined as those who tend small tracts of land in agricultural 
environments that are less than ideal using indigenous methods (Altieri, 2004). These farmers have developed 
diverse “agroecosystems” over centuries of management derived from experiences within their environment 
without the availability of external inputs or outside scientific knowledge. Traditional farmers have utilized self-
reliance and on-farm experiments to create farms that meet the needs of their communities (Altieri, 2004).   
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environmental and ecological health while promoting soil health, adaptive capacity, and overall 
resiliency (Rose, 2010). As such, it counteracts a trend towards agricultural industrialization. 
 In the 1920s, under the guise of modernization, the United States began the transition to 
large-scale monoculture, which is often associated with chemical or artificial input-based agriculture. 
This transition was made possible with the availability of affordable industrially-produced nitrates 
(Sikorska, 2009). Conventional agriculture consists of mostly single-crop farming methods that rely 
on chemical inputs and increased mechanization to achieve higher crop yields, reduced human labor 
requirements, increased use of chemical pest and weed control measures, and reduced demand for 
livestock-produced manures (Altieri, 2002). 
Owing to global increases of affluent populations, demand for a greater quantity of staple 
foods, disruptions in food distribution (especially due to wars and natural disasters), and damaging 
effects of climate change, conventional farming has been adopted in the U.S. as the primary method 
of production (Bowen, 2011). Yet globally, as conventional agriculture develops, soils face increased 
threats that will disrupt the ecological health of the land, thus limiting the sustainability of agricultural 
production for future generations (Montgomery, 2007a). Much of this is due to conventional 
farming’s intensification of land use, which in turn can lead to problems such as loss of SOM, soil 
acidification, and loss of nutrient density (Hillel, 1991). The loss of SOM and soil nutrient density, as 
well as acidification of soil, can contribute to topsoil erosion, loss of nutrient retention, and exposure 
to agricultural pollutants from the increased use of pesticides and artificial fertilizers (Hillel, 1991; 
Pimentel et al, 1995; Lal, 2004, 2010; Montgomery, 2007b, 2008a; Quinton et al, 2010).  
As the world moves towards intensification and mechanization of its agricultural production 
methods, rural areas can expect to experience unintended consequences. Although traditional organic 
farming has been shown to maintain high levels of SOM and nutrient density, there is relatively little 
information on the spatial patterns of soil quality – according to management style – in the United 
States. 
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1.4 Aims of Thesis 
This thesis focuses on measuring soil quality characteristics of working farms in Skagit 
County. Relatively few academic studies have reviewed the differences in soil quality on farms with 
differing management styles throughout the U.S., much less in this county. Numerous studies have 
been conducted on single or experimental farms, mostly using long-term, side-by-side comparisons 
(for example: Rodale Institute, 2015). However, few have attempted to gather multiple field data from 
working farms, although Gigi Berardi’s thesis is an exception to this (Berardi, 1976).  
The majority of the relevant comparative studies tend to focus on one crop (for example, as in 
Berardi’s thesis) and a single year; thus, extrapolation to the whole farm or to multiple seasons is 
difficult. Long-term studies with a minimum of 10 years of data should be conducted for accuracy 
and reliability (Gomiero et al, 2011). However, given time and resource constraints, that duration was 
not feasible for this thesis.  Nevertheless, to address some of these limitations and reduce the amount 
of variation that could confuse results, all farms that were chosen in this study at least had similar soil 
types and other similar physical geographies (explained in Chapters 2 and 3). 
 The thesis research objectives are: 
1. To use quantitative soil-quality testing methodology to study soil characteristics in fields in 
Skagit County, based on previous soil degradation and other research conducted by the 
Natural Resource Conservation Service (NRCS) and others. 
2. To conduct lab and on-site soil analysis, thus developing additional analytical skills. 
3. To geo-spatially analyze the results of the soil testing to provide a data results map, which 
improves understanding of the spatial changes in soil quality throughout the farms that are 
analyzed. 
4. To build rapport with local farmers and build a network of conventional and organic farms 
willing to participate in possible further research. 
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1.5 Hypothesis 
The following is my hypothesis: Conventionally-managed fields will show lower SOM 
levels, lower SM content, higher soil compaction, lower infiltration rates, lower soil pH, lower 
concentrations of salts, lower presence of annelids (i.e., earthworms), and lower concentrations of 
nitrogen, phosphorus, and potassium (NPK) in comparison to organically managed soils. If this is 
shown to be the case within the study region, it would highlight how the intensification of agricultural 
production has negatively affected soil quality characteristics and thus the sustainability of soils and 
agriculture in general.  
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2Chapter 2 
SOIL SCIENCE AND GEOGRAPHY 
The study area for this thesis included the western portion of Skagit County.  The agricultural 
portion of this county consists of plains with little topography to the west of the Cascades range 
(Figure 1). These plains were formed by alluvial deposition by the Skagit river as well as by 
Pleistocene or the last glacial period’s glacial deposits. 
2.1 Pacific Northwest Soil Profiles 
Western Washington includes two mountain ranges with gently sloping valleys leading to 
agricultural plains. Within Skagit and Whatcom counties, the Skagit River travels from the Cascade 
Mountain Range to the foothills, which drain into large alluvial plains once covered by marshes and 
forests prior to EuroAmerican settlement (Figure 1 & Figure 2). 
These plains are largely covered 
with fertile soils well-suited for 
agriculture, as nutrients and sediments 
were deposited for thousands of years 
(Klungland et al., 1989). With the mild 
coastal climate, heavy rainfall, and deep 
soils, the Skagit Valley is home to some 
of the most fertile agricultural lands in 
Figure 1 Study Area Relief and Land Cover Map 
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the Pacific Northwest (Klungland et al., 1989).   
From the 1880s to 1890s, the Skagit River Valley was logged extensively, and then cleared 
land was planted with oats and hay. These two crops were produced mainly to feed the work horses of 
the lumber camps. However, dairy farming was introduced into the area by 1891, following the 
introduction of the railroad. By the first part of the 20th century, Mount Vernon became a “center of 
agricultural and industrial development” (Klungland et al., 1989, P. 2).  . Early Survey maps such as 
that seen in Figure 3 show how the landscape indeed was once dominated by wetlands and forests.  
Figure 2 Study Area: Skagit County 
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Highlighted in Figure 3 is the approximate location of the Granquist homestead, one of the study sites 
for this thesis.  
2.1.1 Factors in the Pacific Northwest Soil Formation 
Soil forms in place, in layers denoted by soil scientists as horizons (Effland et al., 1997). 
These soil horizons are parallel to the earth’s surface and are influenced by five environmental 
factors, referred to as CLORPT – climate, organisms, relief, parent material, and time (Jenny, 1941). 
Thus the geography of a site determines the type of soil formed across the landscape. In western 
Washington these environmental factors drive soil formation towards the spodosol order of the 
NRCS’s classification (Schaetel & Harris, 2011, p. 26).   
Figure 3 1870s Land Survey (Office of the Surveyor General, 1872) of the Granquist Homestead 
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Due to Washington’s geography, the climate varies greatly throughout the state. Continental 
versus coastal marine climates will experience different temperatures due to aspect, elevation, and 
location within the state (Effland et al., 1997; Hipple et al., 2011). These fluctuations in temperature 
and SM are also visible in soil genesis (Hipple, 2011). Clearly, climate is a factor responsible for soil 
formation (Hipple, 2011). For example, the amount of SM plays a significant role in the weathering 
rates and transportation of soluble materials through the soil profile. 
The temperature and precipitation climograph of the study areas in Whatcom and Skagit 
counties are seen below in Figures 4 and 5. Note that there is very little difference between the two 
areas.  However, the Skagit Valley (represented by Mount Vernon’s climograph) receives slightly 
more precipitation than does, say, Whatcom County as seen in Bellingham’s climograph 
 
However, as these locations in the Skagit Valley are at the base of the Cascades, micro-
climatic conditions do introduce variation across the study area, as represented by landscapes that are 
often cooler due to the cold air drainage from the higher Cascade foothills (Effland et al., 1997; 
Hipple, 2011).  Many sites have southern aspects and are thus warmer and drier, as they receive more 
solar radiation than northern aspect areas. These microclimatic conditions alter both soil formation 
Figure 4 Bellingham Climograph Figure 5 Mount Vernon Climograph 
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rates and crop productivity patterns. Warmer temperatures most often accelerate chemical activity and 
increase SM evaporation, with the net effect of increasing plant growth.   
Vegetation is a major contributor to pedogenesis in the Pacific Northwest – all forms of life, 
from humans to the smallest bacteria, influence such development. In turn, the type of vegetation that 
develops in a certain area is often controlled by the climate, topography, pH, and parent material 
present. Plant communities can become large contributors to soil development and can greatly affect 
surface soil horizons (Effland et al., 1997). Such plant communities include rooting biomass, 
branches, stems, leaves, and other aspects of the 
plants that are completely integrated into the soil 
by soil biota. Plant debris is called detritus and 
contributes largely to the development of O and 
ultimately A horizons, which are clearly 
delineated in Figure 6. In Skagit County, most 
soils that have a darker topsoil tend to have higher 
levels of SOM when compared to underlying 
horizons.  
Precipitation and plant species type can 
influence soil pH by producing ions within the soil 
that can be acidic or alkaline. Conifer trees are a good example of a plant that changes soil pH, 
because conifer needles in leaf litter often increase the acidity of soils (Schaetzl et al., 2011. P. 113-
127).  
Washington has flat terrain only in wide river valleys (see Figure 1). The soils in these areas 
range from very well drained to poorly drained, depending on their parent material and the water level 
(which seasonally fluctuates). In the study area of Skagit County, soils from alluvial and glacial 
deposits result in various textures and thus host different drainage characteristics.   
Figure 6 Typical Soil Profile (Soil profile gallery, NRCS)  
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Washington hosts a wide variety of parent materials due to its unique geologic past (Hipple, 
2011). Regions have been dominated by granite, schist, limestone, basalt, tuff, and sandstone. These 
materials were deposited by glaciers approximately 13,000 years ago (Stuiver et al., 1978). The 
combination of glaciation and alluvial activity has produced a well-mixed lithology in the study area.  
Past volcanic events also have added Holocene volcanic tephra, predominantly the Mazama ash 
(Goldary, 1991). More recently, the 1980 volcanic eruption of Mount St. Helens contributed to 
Washington’s parent material, spreading ash and depositing tephra on Skagit soils. Tephra weathers 
to clay minerals which have the property of retaining soil nutrients, thus the tephras help make these 
soils more fertile. 
RESEARCH ADDRESSED 
2.2 Research Context 
The intent of this thesis is to conduct a comparative soil analysis between conventional and 
organic farms. This study analyzed the properties of the soil of such distinct agricultural land 
management practices in Skagit County to quantitatively determine any differences in soil quality. 
This included examination of SOM, SM, pH, electrical conductivity (salinity per total dissolved 
solids), infiltration, nutrient density (NPK), and annelids. After determining differences in soil quality 
between conventional and organic land management, how these factors play a role in the 
sustainability of the local agricultural system was investigated. Fundamentally, this study asked the 
question: Do organic farms exhibit higher soil quality in all three parameters (physical, chemical, and 
biological)? 
1. The group of farms under investigation 
a. Small family farms, under 100 acres, that are organic, conventional, or both 
2. Variables (indicators of soil quality) 
a. Physical parameters 
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i. SM content 
ii. Topsoil compaction 
iii. Water infiltration rates 
b. Biological parameters 
i.  % SOM 
ii. Presence of annelids 
c. Chemical parameters 
i. pH 
ii. Salinity  
iii. NPK 
By examining these variables and their relationship to soil quality, the study was designed to 
facilitate a greater understanding of the impacts of conventional versus organic soil management on 
agricultural sustainability. 
2.2.1  History of Soil Quality and What Is Sustainable Agriculture? 
The Greeks and Romans revered soil in its entire form rather than for just its chemical 
properties because they recognized that fertile soil was crucial to sustaining their civilization (Manley 
et al, 2007). Greek philosophers had hypothesized that plants fed on organic material derived from the 
same species; so olive pits were added to the soil around olive trees, and grape vine shoots were 
mulched in the vineyards in order to nurture the plant and enhance its fruit production (Manley et al, 
2007). This perception of soil form did not change until the Middle Ages when Bernard Palissy 
advanced his theory of salts (Churchman et al., 2014).  
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Palissy believed that the mineral salts that were trapped and stored in the soils were the 
answer to soil fertility. He watched farmers distribute manure throughout a field, only to find that 
those areas receiving the manure produced plants that were denser, more aesthetically pleasing, and 
more lush (Churchman et al., 2014). He believed that this was due to rain transporting salts from the 
manure into the soil, making the nutrients bioavailable (Churchman et al., 2014). 
The 19th century saw the beginning of the chemical revolution in agricultural science as a 
counter-movement to what had been termed the humus theory (Korack, 1992). The humus theory 
argued that plants’ primary nutrients are substances found within soil humus, providing the basis of 
soil fertility. Debates about humus theory and inorganic fertilizers continued until the work of French 
chemist Jean-Baptiste Boussingault became known. It was Boussingault who laid the foundation for 
the German chemist Justus von Liebig to change the way the scientific world viewed plant nutrition 
and soil fertility (Korak, 1992). Until microbiology began to gain scientific respectability some 20 
years after Liebig’s work in mineral theory, humus was disregarded by the majority of agricultural 
scientists as not being of any use to plants (Korak, 1992).  This disregard included dismissal of 
concepts and understanding of the role that humus plays as a medium for microbial life within the 
soil.   
 Liebig had borrowed ideas about mineral salts from Palissy to develop the mineral theory of 
soil nutrition (Aulie, 1974). The primary feature of the mineral theory is that plants can be fed by 
providing chemicals separated from organic matter (Aulie, 1974). This led to the production of NPK 
Nitrogen-Phosphorus-Potassium) synthetic fertilizers. Ultimately, this theory enabled the philosopher 
and professional chemist Sir John Bennet Lawes to develop what would be the beginning of the 
chemical fertilizer industry (Korcak, 1992).  Lawes also developed ideas of the “fertilizing effect of 
mineral inputs,” which helped form the basis for modern agricultural science (Manlay et al, 2007, P. 
7).  
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As Liebig developed his mineral nutrition theory, he emphatically endorsed the use of 
fertilizers to compensate for soil mineral exhaustion and improve crop yields. Ultimately, Liebig with 
his partner, Joseph Henry Gilbert, at the Rothamstead Estate in England (one of the world’s oldest 
agricultural research station, founded in 1843) helped set the stage for the current prolific use of 
chemical fertilization in cropping patterns (Manlay et al, 2007).  The theory presented by Liebig and 
his colleagues for addressing increased food needs for growing urban centers was well received. 
Farmers began to rely on a greater quantity of fertilizers in an attempt to increase yields to keep up 
with demand (Manlay et al, 2007). 
 The mineralists’ ideal of managing soil fertility through the use of chemical fertilizers 
continued to grow, especially in the thirty-year period following WWII (Manlay et al, 2007). This 
time period saw the rise of large amounts of farmland producing a single crop, first referred to as 
monoculture by the geographer Carl Sauer. Monocultures are an easy, cost-effective way to produce 
large quantities of many food staples, and they allow for standardization and industrialization of 
machinery and farming practices. 
After WWII, the United States and Europe experienced high-input subsidized agriculture, 
along with large increases of fertilizer consumption; this was also true throughout Southeast Asia and 
Latin America as part of the “Green Revolution” (Pinstrup-Anderson, 1985). While the Green 
Revolution increased crop production, it was destined to be unsustainable due to its practices, which 
resulted in the loss of biodiversity and traditional knowledge held by indigenous people (Altieri, 
2009). The Green Revolution also tended to benefit wealthier farmers, leaving many poorer farmers 
unable to afford the chemical fertilizers and causing some to go into debt or be forced to sell their 
land (Altieri, 2009).   
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2.2.1.1 Harm from Chemical or Synthetic Fertilizers and Biocides in Farming (Conventional 
Agriculture) 
As per the writings of Liebig, farmers began to use synthetic fertilizers. With fertilizers 
applied in even small amounts (Manlay, 2006), farmers could produce crops with high yields without 
the need for large amounts of cattle or other manure-producing animals. Such a change in practice 
gave rise to large-scale conventional agriculture (Bardsley, 1987). The majority of post WWII 
agronomists were primarily focused on tackling the challenge of an increasing world population with 
limited natural resources. Few were concerned about other environmental issues (Feller et al, 2012).  
The first half of the 20th century saw agriculture intensification, defined as “an increase in 
agricultural production per unit of inputs (which may be labor, land, time, fertilizer, seed, feed or 
cash)” (Kenmore, 2004, P. 3). Labor-saving discoveries such as mechanization (Feller et al, 2012) 
aided in the intensification. This agricultural intensification often came with environmental costs. The 
most “spectacular, immediate, and irreversible symptom of inappropriate agricultural management” 
was erosion (Manlay et al., 2007, P. 9). The intensified agriculture left large areas of topsoil devoid of 
protective plant cover. The agro-economic cost of this erosion was quantified by a researcher named 
Hugh Hammond Bennett in 1939. During this time, he began expressing concerns about 
environmental impacts as the United States was hit by what is now known as “the Dust Bowl” 
(Manlay et al., 2007). Bennett went on to direct what would be known as the Soil Conservation 
Service. 
After WWII, environmental concerns about the relative impacts of intensive agriculture 
began to surface from the well-recognized founders of modern day alternative farming, Lady Eve 
Balfour, Jerome Rodale, and Sir Albert Howard (Feller et al, 2012).  Even earlier, post WWI, 
Rudolph Steiner had expressed similar concerns. Their concerns about the decreases in soil fertility 
due to intensive farm practices were not new, but due to limitations in the scientific understanding of 
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soil ecology, they lacked credibility to convince academics, industry innovators, and land use 
planners (Heckman, 2006; Feller et al., 2012). 
2.2.1.2 Birth of the Organic Movements and Ecological Farming 
Organic agriculture has been used for thousands of years. In many parts of the world, organic 
farming is still the predominant form of agriculture. In the Western world, concerns about the serious 
side effects of chemical fertilizers have revitalized the organic movement (Heckman, 2006). 
The first real alternative to conventional agriculture in the 20th century was established in 
1924 (Paull, 2011). Developed by Rudolf Steiner, biodynamic (BD) agriculture could be considered 
the first modern organic movement (Chalker-Scott, 2004). During this time, farmers in Germany, 
Eastern Europe, and western Poland were experiencing crop failures, reduced livestock health, and 
soil deterioration from the use of chemical fertilizers and poor organic soil management. A number of 
the farmers plagued with these problems came to Steiner, who had already offered solutions to other 
health issues plaguing the communities. Steiner developed a lecture series that presented his BD 
farming method, which was meant to be regenerative and restore soil vitality and “life energy” to the 
farm (Chalker-Scott, 2004). 
BD farming goes beyond organic farming methods (see definition of organic farming on page 
11). In BD farming, the farm is seen as a whole, living organism and is organized as a closed-loop 
system. A closed-loop farm can be considered as a self-contained, self-regulating, self-sustaining 
organism. The farm is also recognized as a living organism that is exposed to typical outside 
influences, including the hydrologic cycle, soil and atmospheric connectivity, temperature variations, 
and astronomical forces.  The biodynamic thesis is that if you can manage and steward the farm in a 
way that is harmonious within the limits of nature, then your farm will naturally be balanced and will 
be able to restore health and vitality to the soils and organisms of the farm (Carpenter-Boggs, 2000).   
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Originally, farmers believed that this was a whole new approach to farming. However, in 
Steiner’s book, Agriculture, he readily admitted that these insights are based on Slavic farming 
practices dating back a thousand years -- ones that he observed as a child. According to Henning 
Sehmsdorf of S and S Homestead, Lopez Island, Steiner was taking a fresh scientific look at the 
rituals and practices of Slavic farming to create a union of science and spiritual philosophy that 
underlies the real goal of this style of farming (Reeves et al., 2011). By reintroducing BD farming 
methods, Steiner hoped that the spiritual and physical balance produced during correct management 
of BD farming would be a new form of regenerative and sustainable farming (Steiner, 1993).  
Today, BD farming is considered by some skeptics as a pseudoscience, mainly because 
Steiner’s approach was not developed through the scientific method, but rather through his own 
“meditation and clairvoyance” (Carpenter-Boggs et al, 2000; Chalker-Scott, 2004). Steiner even 
stated that his methods were “spiritualistically determined and did not need to be confirmed through 
any traditional scientific testing, but were true and correct themselves” (Chalker-Scott, 2000, P. 1; 
Kirchmann, 1994). For Steiner, BD farming could be considered a bridge between realms of the 
physical and spiritual, and due to the spiritual aspect, its scientific validity would remain challenged. 
Unfortunately, even though this farming method has been shown to be viable (by, for example, 
Carpenter-Boggs et all; Reeves et al.), it has not gained widespread acceptance. Today, there only are 
slightly over 140,000 acres of farmland using biodynamic production methods in 42 nations, 
including a 4,900-acre farm in Germany (Carpenter-Boggs, 2004). This is very small in comparison 
to the estimated 86.5 million acres of organic farmland in over 60 nations, according to the United 
Nations Statistics Division.   
Following Steiner were great pioneers of the organic movement within Western Europe and 
the United States. The earliest of these leaders was Sir Albert Howard (Heckman, 2006). While 
working in India directing an agricultural research center, Howard began developing the concept of 
organic farming based on his experiences and observations. His books “developed his theories of 
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composting, soil fertility, health, and disease (Heckman, 2006, P. 2).” His later book, titled An 
Agricultural Testament, became the foundation of what was to become organic farming. In his 
writings, he discussed organic fertilizers, soil fertility, the role of soil humus, and what he coined 
“The Law of Return” (Heckman, 2006).    
Howard’s observations in India helped him develop his concepts of soil quality, which are 
critical to organic farming. The concepts that he developed for building soil quality focused primarily 
on the building of SOM, as soil was considered a biological chain of life that included everything 
from soil bacteria to fungi to top predators -- which supported the health of not only the soil, but all 
living creatures (Manlay et al., 2007). As time passed, Howard became an activist who was 
increasingly critical of conventional agriculture, which he expressed in his book The War in the Soil. 
In this book, he highlighted the battle for profits by “big business.” He wrote editorials and literature 
that attacked the producers of the chemical fertilizers and pesticides, as well as any companies 
involved in the production and distribution process, who he thought were damaging soil, animal, and 
human health (Hackman, 2006). 
  True to Howard’s roots as a scientist, he outlined how he thought true comparisons of 
organic and non-organic farming should be carried out. Looking at one long-term experiment (at the 
Rothamsted agricultural experiment station (Manlay et al., 2007)), he concluded that certain studies 
were flawed because they did not control for the invasion of burrowing worms into the conventional 
plots from the organic plots, for continuous cultivation (no crop rotation), or for an outsourced supply 
of seed for both plots (Blakemore, 2000; Hackman, 2006). To conduct a proper comparison between 
conventional and organic farming, he favored a holistic farm study over that of a reductionist 
methodology (Hackman, 2006). Such a comparison of conventional and organic farming was 
undertaken by Lady Eve Balfour from 1939 to 1969 and published in her 1942 book, The Living Soil 
and her 1976 book, The Living Soil and the Haughley Experiment (Balfour, 1976). 
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Although Howard can be attributed with being one of the most influential pioneers of the 
organic movement, the term organic farming wasn’t coined until the 1940 publication of Walter 
Northbourne’s Look to the Land (Rigby et al., 2001). In Northbourne’s book, he expanded upon 
Howard’s ideas of a holistic view of the farm, seeing it as an individual organism. His contributions 
ultimately led to the term “organic farming” (Scofield, 1986).   
Although the formation of the organic farming movement can be attributed to Howard, 
Balfour, and Northbourne, organic agriculture was popularized with the work of Jerome Rodale 
(Klonsky et al., 1998). Rodale was similar to Steiner in that he viewed organic farming as an 
important form of production that worked with natural systems. Rodale advocated for organic 
agriculture, at the same time (in the 1940s and 1950s) that conventional producers significantly 
increased their yields, detracting attention from the organic movement (Bardsley, 1998; Klonksy et 
al., 1998). Rodale went on to became the founder of the Rodale Research Institute, created the 
magazine Organic Farming and Gardening, and pioneered one of the longest-running side-by-side 
comparisons of the impacts on soil quality in organic and conventional farm management systems in 
the United States (Rodale, 1947; Kolonsky et al., 1998; Rodale, 2011).  
Rodale’s, Howard’s, Balfour’s, and others’ work continued well into the 1970s and 1980s. A 
dialogue between organic farming stakeholders and the USDA reached fruition with the passing of 
the much-contested Organic Foods Production Act in 1990 and implementation of labeling in 2002 
(Hackman, 2006).   
2.2.1.3 Sustainable Agriculture Movement 
Sustainability is an increasingly popular term in academic research and policy. Yet within the 
realm of agriculture, the concept of sustainability is evolving, from ideas around maximum 
production to those of optimal production and natural resource conservation (Brown et al. 1987). As 
stated earlier, the key to agricultural sustainability is that it is a system that can maintain or enhance 
natural resources indefinitely. In short, sustainability means that the resources that we enjoy today 
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will be here for future generations to come. One of the largest criticisms has been that the common 
forms of sustainable agriculture—organic farming, BD farming, or permaculture—cannot feed the 
world and would lead to food deficits. Still, research counters this (Reeves et al., 2011; Rodale, 
2011). 
Researchers linked to sustainable agriculture believe the “overreliance on fossil 
fuel/chemical/artificial-based inputs and transport of inputs and products is seen by many as a threat 
to long-term agricultural and food system sustainability” (Reeve, 2011, P. 1). With sustainability in 
mind, most organic, biodynamic, or closed-loop farmers are working to establish optimal levels of 
productivity to ensure resiliency.   
Studies continue to this day—including the side-by-side Rodale study—that demonstrate the 
benefits of organic agriculture. The Rodale study has measured soil quality, crop yields, energy 
inputs, carbon releases and sequestration, and net profits per field for over 34 years. In 2011, the 
Rodale Institute released its findings after 30 years of analysis. The results are listed in Figure  7. As 
arguments that organic farms are incapable of feeding the world continue, scientific research is 
finding that this is not the case (Badgley et al, 2007). During the Rodale Institute’s study, the organic 
fields showed higher yields, greater profits, lower energy inputs, and less greenhouse gases expelled 
per year over their conventional counterparts. 
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In another study from the University of Michigan, researchers addressed the question of 
whether organic farming could in fact feed the world, and determined if the supply of organically 
acceptable fertilizers was sufficient for all organic farming needs. The University of Michigan team 
discovered that by comparing yields of organic versus conventional food production from over 290 
sample sites, organic methods using appropriate fertilizers could produce enough food, on a global 
per capita basis, to sustain the current human population on currently farmed agricultural land 
(Badgley et al., 2007; Giménez et al., 2011). The research team also discovered that with the use of 
nitrogen-fixing cover crops, more than enough nitrates could be available to organic farmers (Badgley 
et al., 2007). These recent studies challenge the perception that conventional crops inevitable out-
produce organic crops. 
2.2.2 What is Soil Quality? 
For the purpose of this thesis, soil quality is understood as “the continued capacity of soil to 
function as a vital living ecosystem that sustains plants, animals, and humans” (USDA-NRCS, 2001, 
P. 51).   
Figure 7 Results from the Rodale Institute's 30 year side-by-
side study (Rodale Institute, 2015) 
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2.2.2.1 Soil Quality/Soil Health/Soil Fertility 
Understanding soil quality can be rather difficult, given that many variables affect soil 
quality.  Often, the terms “soil health,” “soil fertility,” and “soil quality” are used interchangeably 
(Figure 8), although in much of the literature they are often regarded as one and the same. In this 
thesis, to better understand their differences, these terms will be separated into their somewhat-agreed 
upon definitions (Doran et al, 2000).   
Soil quality often refers to the physical, chemical, and biological parameters of soil. Soil 
health is a term that is preferred by other scholars, like John W. Doran, who believe it more 
accurately describes soil as a “living dynamic system” that is facilitated by a multitude of living 
organisms (Doran et al, 2000). These “living dynamic systems,” are sensitive to anthropogenic 
disturbances and, therefore, require management and conservation (Doran et al., 2000).  
For the purpose of this thesis, the term, “soil quality,” will encompass all three soil 
parameters, as well as our understanding of “soil health” and “soil fertility.”  Soil health includes an 
understanding of the soil as a vital living system that sustains biological productivity (Doran et al., 
2000). Soil health indicates soil’s more integrative nature, that of a functioning living system that 
Soil 
Health
Soil Fertility
Soil 
Quality
Figure 8 Soil Quality/Health/Fertility 
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focuses more on sustaining biological production and maintaining the health for the environment 
(Doran et al, 2000). Soil quality also describes soil’s ability to function for a specific use  -- “the 
capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, to 
sustain plant and animal productivity, maintain or enhance water and air quality, and support human 
health and habitation” (Karlen et al., 1997, P. 6).  
The physical, chemical, and biological parameters of soil quality are normally derived from 
CLORPT factors (described below). In addition to these factors, soil quality can be affected by 
anthropogenic land management, including agriculture. Soil has been lost through agricultural erosion 
from mechanical cultivation and continuous row cropping, including a loss in SOM. This reduction of 
SOM not only destroys the soil health, but also releases CO2 into the atmosphere as organic carbon in 
the soil is volatilized (Doran et al, 2000). 
2.2.2.2 Soil Quality, History, and Development  
In the late 1970s, two researchers, Warkentin and Fletcher, began to debate the need to 
develop a soil quality concept that incorporated the multifaceted functionality of soils (Karlen et al, 
2003). In order to develop a method for assessing soil quality, the researchers acknowledged that 
there is no one type of soil quality test that would always be appropriate (Karlen et all, 2003). For 
example, soil quality tests for engineers would not be well-suited for use in the agricultural world.  
The discussion revolving around soil quality then took a back seat for almost a decade as soil 
scientists almost exclusively focused on controlling for soil erosion and the associated effects of soil 
loss on agricultural productivity (Pierce et al., 1984). This continued until Canadian researchers 
revisited soil quality and conducted research culminating in a more comprehensive definition, “the 
capacity of a soil to function within the ecosystem boundaries and to interact positively with 
surrounding ecosystems” (Doran et al, 2000, P. 1).  The scientific communities’ interest in soil quality 
grew drastically after the National Research Council (NRC) published Soil and Water Quality; An 
Agenda for Agriculture in 1993.  The NRC also started to ask questions about the development of a 
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quantitative method for ascertaining soil quality which could help to measure how soils responded to 
different management practices (Karlen et al, 2003). This inquiry continued to fuel demand for an 
increased understanding of how soil quality fits with sustainable agriculture (Gomez el al. 1996, 
Karlen et al, 2003). The soil quality concept at this point continued to be developed around the theme 
of sustainable agriculture and sustainable land use management.  These concepts were invoked to 
realistically help combat global challenges including population increases with greater demands for 
food, concerns about environmental degradation, and a recognized depletion of nonrenewable 
resources (Doran et al, 2000).  
 Following the new focus on soil quality from the NRC, the United States Department of 
Agriculture’s Soil Conservation Service (USDA-SCS) was changed to the Natural Resource 
Conservation Service (NRCS) in 1994. Following this change in title and focus, the Soil Quality 
Institute was formed (Karlen et al, 2003). The Soil Quality Institute is an internal branch of the 
NRCS, which conducts soil quality research and presents findings, while also developing 
technologies that help conserve and improve soil conditions. The resulting research and technology 
development serves farming, ranching, forestry, and gardening activities. Working with other 
government agencies, including the Environmental Protection Agency and Bureau of Land 
Management, the NRCS began to develop the soil quality concept, as well as the scientific principles 
to support it.  With the NRCS’s leadership, the soil quality concept was considered in two ways. The 
first was education-focused, and the second was focused on assessment of quality (Karlen et al, 
1997).   
The educational aspects of the soil quality concept were developed since the majority of the 
U.S. population had little to no understanding of the intricacies of our nation’s soil resources. Most 
citizens were unaware of how soil provides the foundation of sustainable land management through 
such processes as nutrient cycling, hydrologic cycle dynamics, filtering of pollutants and heavy 
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metals, decomposition of biological material into soil humus, and recycling of plant material (Karlen 
et al, 2003). 
Together, scientists from other government agencies, academia, nonprofit originations, and 
private and international organizations, participated in the development of the NRCS’s soil quality 
indicators and assessments which led to the first guide in quantifying soil quality (Karlen et al, 2003). 
This collaboration resulted in the publication of the NRCS’s Soil Quality Test kit and Guide (USDA-
NRCS, 1998) and the Soil Quality Assessment in Conservation Planning document (USDA-NRCS, 
2001). This guide is now used by the NRCS, non-profits, and other parties throughout the United 
States. 
2.2.2.3 Soil Quality/Health Approaches NRCS Soil Quality testing 
The NRCS recognized that any one single approach for analyzing soil quality is difficult 
given the unique and diverse soil environment in the United States – it would make such an analysis 
less meaningful to individual farmers or land managers (Doran et al, 2000).  With that said, the use of 
established and multiple indicators of soil quality and soil health was advanced to be more relevant to 
stakeholders.  This would allow scientists to better link science with the practice of farming in 
assessing the sustainability of the farmer’s management practices (Romig et al., 1995, 1996; Doran et 
al., 2000). 
After the development of the USDA-NRCS Soil Quality Test Kit and Guide, an extensive 
literature review was conducted and completed in January 2015 (USDA-NRCS Soil Health Literature 
Summary; Effects of Conservation Practices on Soil Properties in Areas of Cropland).  This was 
conducted by members of the NRCS Soil Quality institute. One study reviewed over 187 soil quality 
studies which covered the full spectrum of indicators of all three soil quality parameters (Figure  9). 
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With this literature review, the NRCS validated the quality and validity of its Soil Quality Test Kit’s 
parameters. 
According to leading soil scientists, soil quality can be measured best by studying the soil’s 
dynamic character (Karlen et al, 2003). The inherent properties of soil are those that are unaffected by 
human management (USDA-NRCS, 2001).  These properties include the soil forming factors 
determined by soil type (soil texture), types of parent material, soil depth, and types of drainage 
(USDA-NRCS, 2001).  Dynamic soil properties are those that are altered by human activity, namely 
agriculture, and can be measured over the human time scale (USDA-NRCS, 2001).  These dynamic 
Figure 9 NRCS Soil Quality Lit Review 
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parameters are often split among biological, chemical, and physical indicators as highlighted in 
Figure 10. 
2.2.2.4 Variations in management (sensitivity) 
Another key aspect in understanding soil indicators of sustainability is that they must be 
made meaningful by truly reflecting the influence of management, “The indicators should be sensitive 
enough to reflect the influence of management and climate on long-term changes in soil quality but 
not be so sensitive as to be influenced by short term weather patterns” (Doran et al, 2000, P. 5). 
The parameters of soil quality in the next section were selected for this thesis research due to 
their visible responsiveness to variations of management. Certainly, indicators of soil quality vary as 
a result of anthropogenic activity (Doran et al, 2000). 
Figure 10 Indicators per Soil Quality Parameter 
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2.2.2.5 Soil Quality as an Indicator of Soil Function and Ultimately Sustainability 
Sustainable agriculture is a system that can maintain or enhance soil quality indefinitely; the 
soil quality indicators each contribute to sustainability.  Sustainable soil management regimes include 
cover cropping, organic manures, reduced tillage (reduced disruptions to the soil structure), crop 
rotations, and grazing. 
Fields that utilize many of the sustainable soil management regimes will often yield higher 
soil qualities which, in turn, fosters the goals of sustainable agriculture.  It is a principle challenge of 
humanity to develop management styles for our agricultural system that can balance production levels 
of food and fiber while maintaining soil quality (Doran et al, 2000).  With the human population 
projected to grow substantially over this century, threats to our soil quality and other natural resources 
will be exacerbated (Power, 1996).  Yet, nature is capable of continuously creating equilibrium. A 
renewed focus on soil quality and health, and an understanding of how sustainable management can 
mimic natural systems’ capabilities to maintain or enhance soil quality over time, is critical to 
sustainability efforts. Sustainable agriculture focuses on preserving or enhancing soil quality, but it 
also works to bolster the production of nutrient-dense foods. 
According to Tom Franzen, a farmer from the Midwest, “a sustainable agriculture. . . sustains 
the people and preserves the land” (Doran et al, 2000, P. 4). Soil quality is a very important part of 
sustainability for agricultural conservation management practices (Parr et al., 1992; Acton and 
Gregorich, 1995). According to Doran, “the assessment of soil quality or soil health and direction of 
change with time, is the primary indicator of sustainable land management” (Doran et al, 2000, P. 4). 
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2.2.2.6 Indicators of Select Soil Quality Parameters to be tested 
According to Doran et al., the best indicators of soil quality are related to their efficacy in 
defining soil functions integrated within physical, chemical, and biological parameters, the sensitivity 
to human management and climatic variation, and their application to agricultural systems (Doran et 
al., 2000; Karlen et al., 2003; USDA-NRCS, 2001).  Based on soil quality indicators selected by 
leading soil scientists, the NRCS Soil Quality Kit and Guide outlines the best-developed tests to 
assess soil quality which can be seen in Table 1 below (USDA-NCRCS, 2001). 
Nevertheless, for this thesis, all available soil quality tests that could be conducted with 
resource and time restrictions were utilized.  In total, 11 tests were performed and each will be 
described below. 
Soil Type: Understanding the soil type (percent sand (2.mm to 0.05)/silt (0.05mm to 
002mm)/clay (smaller than 0.002mm)) is crucial to understanding how the soil will function.  Each 
particle size has its own important role within the soil column.  Larger particles such as sands will 
help determine water infiltration rates while clay particles will act as binding sites for nutrients and 
Table 1 Soil Function-Indicator Matrix; Direct relationships between function and indicator listed, Each soil quality indicator is 
rated 0-3 (3 representing the strongest relationship between soil quality indicator and soil function (NRCS, 2015)) 
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water. It is the relative percentages of these different particle sizes which determine the soil type for 
any given site.  
Soil Moisture Content: This plays an important role in nutrient management, as it is essential 
so that nutrients are released into the soil. This is done by providing a medium of dissolved nutrients 
that are available for the plant roots to take up.  Soil moisture literally sustains all life on Earth 
(USDA-NRCS, 2001).  
Topsoil compaction: This is simply the measurable resistance in which an object can be 
forced into the soil (NRCS-USDA, 2001). Farms suffer from compacted soils as a result of 
animal/human activities and of the equipment used upon the landscape (Hall & Roth, 2011). The 
primary issues that arise with soil compaction stem from the physical disruption of the soil, reducing 
the porosity and permeability (Houskova, 2010). Reduced pore space decreases physical fertility by 
decreasing storage and supply of water and nutrients in micro and macro pores (Hamza et al., 2004). 
By compacting soils, water infiltration rates are reduced. Macro pores, which usually create 
“highways” for water and air to travel deeper into the soils, are crushed, thus increasing the risks of 
topsoil erosion by accelerating surface water runoff (Hall, 2011).  
Soil compaction is very difficult to identify without direct analysis of the soils over a known 
time (Hamza et al., 2004). This means that soil compaction studies have been limited, but more 
research is being conducted as problems related to compaction are becoming increasingly serious.  
For example, over the past 20 years, research has suggested a direct correlation supporting the 
hypothesis that higher SOM levels within soils allows for “soil rebounding” after soil compaction, 
while SOM’s particle binding abilities also reduce susceptibility to topsoil erosion (Hamza, 2004). 
Infiltration Rates:  Water infiltration refers to the speed at which water enters the soil 
column. This rate is dependent on a number of factors, including the soil type, soil structure, presence 
of soil aggregates, and soil water content (Lowery et al., 1996; USDA-NRCS, 2001).  It is important 
to note that when comparing infiltration rates of two different fields, the soil moisture levels should 
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be the same – otherwise the results will be skewed.  Topsoil compaction and tillage are also 
determining factors in water infiltration rates.  Tillage can often disrupt the soil structure destroying 
pore space, thus limiting the speed by which water can enter the soil. Top soil compaction also 
reduces pore space which can form a barrier over the soil surface, limiting infiltration (USDA-NRCS, 
2001).  Infiltration rates can be positively affected as well. This is most commonly the result of a 
larger presence of annelids in the soil, higher percentage of SOM, and greater plant root development.   
pH: The measure of soil acidity or alkalinity of the soil affects the availability of nutrients to 
plants within the soil. This soil quality parameter also affects the soil biota, and the solubility of 
minerals (USDA-NRCS, 2015a).  There is a multitude of factors that can influence soil pH, including 
temperature and rainfall, along with any heavy metals that can be leached into the soils. Farmers often 
change their soil pH when it becomes too acidic through a process of liming (which is common in the 
Pacific Northwest due to soils that tend to be slightly acid to begin with), or fermented herbal 
preparations for biodynamic farmers (Reeves et al., 2010).    
Electrical Conductivity/Total Dissolved Solids (EC/TDS): The measure of salts (cations; Ca2+, 
Mg2+, K+, Na+, H+ & anions; NO3- So4- Cl-, HCO3-, OH-) within the soil are measured through 
electrical conductivity and total dissolved solids.  Salts are essential for life and are a necessary 
element for plant growth and continued fertility of the soil. Salt accumulations can be natural or occur 
due to land management (NRCS, 2001).  Within arid and semi-arid regions, soils can be saline due to 
low precipitation which can lead to salt accumulation within the topsoil.   When salt levels are too 
high in the soil, soil fertility can be affected.   
Plant available Nitrogen levels (Nitrates (NO3-): Soil Nitrates is the form of nitrogen that is 
available for uptake by plants; it is formed from the mineralization of organic forms of nitrogen 
through soil microorganisms (nitrogen-fixers) in the soil.  There are several factors that can influence 
the mineralization rates of nitrogen. This includes soil moisture, soil temperature, pH, 
porosity/aeration, and SOM levels, as well as the amount of organic nitrogen (ammonium (NH4 +) and 
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ammonia (NH3) in the soil (USDA-NRCS, 2001). This process of mineralization of nitrogen is made 
possible under aerobic soil conditions. However, when soils become anaerobic due to an excess of 
moisture, nitrates are then turned into C02 and N2 gas, thus nitrifying the soils. Ultimately, the 
primary role of N03- is to enhance the overall nutrition and growth of plants and soil biota (USDA-
NRCS, 2014a).  As nitrates are water soluble, they can be lost through soil erosion, runoff, or through 
eluviation through the soil column (USDA-NRCS, 2001).  Careful soil management is necessary to 
conserve this resource. 
Plant available Phosphorous (P) levels (Not included in the NRCS Soil Quality Test kit): 
Phosphorus is the second most common limiting crop nutrient. It governs the plant’s ability to store 
and transfer energy that is produced through photosynthesis. It is also necessary for growth, 
reproduction, and productivity.  It also aids the plant in maturing, especially by the promotion of root 
growth. For these reasons, soils must maintain adequate levels of phosphorus to maintain soil fertility 
(USDA-NRCS, 2014b).  Available phosphorus can be affected by climate (precipitation, soil 
temperature, and soil porosity), salinity, and pH.  Soil organic matter in combination with soil 
temperature and aeration control the mineralization of organic phosphorus into PO4 (USDA-NRCS, 
2014b). The colder the soil temperatures, the slower the metabolic rates of soil biota, thus slowing the 
mineralization rates (USDA-NRCS, 2014). 
Aeration controls the amount of oxygen within the soil profile. The greater aeration, the faster 
the mineralization rates proceed.  pH also has a large impact on the phosphorous availability within 
the soil.  Soils with a pH between 6-7.5 are at optimal levels for phosphorous availability, while 
anything below 5.5 can be limiting.  Also, soils can become more acidic from a variety of influences 
including the addition of aluminum or other ions. 
Plant available Potassium (K) Levels: The final plant macronutrient to be examined will be 
potassium. Potassium is critical for plants as it is required for photosynthesis, regulation of the ATP 
energy cycle, immune system function, plant strength, and protein and carbohydrate production 
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(USDA-NRCS, 2014c).  Volumetric uptake of this is only second to nitrogen.  As with nitrogen and 
phosphorus, potassium is also influenced by climate, soil temperature, and pH. 
Soil Organic Matter (SOM): Few indicators are better suited for measuring soil quality or soil 
health -- and evaluating ecosystem processes -- than the measurement of soil organic matter (Schloter 
et al., 2003). Soil organic matter is valuable as an indicator to understand sustainable land 
management practices (Doran et al., 2000).   According to the NRCS (2015), “SOM sustains 
biological diversity, activity and productivity, regulates and partitions water and solute flow, filters 
and degrades, detoxifies organic and inorganic materials, stores nutrients, and provides physical 
support for plants” (USDA-NRCS, 2015a, P. 1-2).  The higher the SOM levels, the healthier the soils 
are perceived to be. 
Annelid Analysis (Annelids): Annelids (known as segmented worms which includes 
earthworms) are attributed as improving soil quality by providing many functions (USDA-NRCS, 
2001).  This includes increasing the availability of macro/micro nutrients within the soil through 
earthworm casts. Annelids also accelerate the decomposition of organic matter by bringing detritus 
into the soil columns and facilitating the start of mineralization and humification.  Physical properties 
of soil are also improved by increased aggregation of soil particles and soil porosity.  Certain annelids 
can suppress some agricultural pests and disease while creating a more hospitable environment for 
beneficial microorganisms (USDA-NRCS, 2001).   
Compaction (Penetration Resistance): A measurement in forcing a specific object into a soil. 
For the purpose of this study, only the surface of the soil at each site was measured. This gives a good 
indication of any surface crusting which can influence water infiltration and the ability of seedlings to 
emerge from the soil (USDA-NRCS, 2001).   
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2.2.2.7 Soil Quality Tests Not Conducted  
Due to limitations in time and resources, not all soil quality tests prescribed within the NRCS 
Soil Quality Test Kit/Guide were conducted. The following tests were not conducted: 
 Bulk Density  
 Soil Respiration 
 Aggregate stability 
 Soil Slaking 
 Soil Pit observations (rooting and topsoil depth) 
2.2.2.8 Soil Quality and Sustainability: Its links to Water and Air:  
In conventional agriculture, degraded soil conditions are common. This soil degradation can 
lead to ground water contamination from agricultural fertilizers and biocides.  This most often causes 
imbalances of carbon and nitrogen that are transported into nearby water columns (Doran et al, 2000).  
This issue is becoming more prevalent as the most prolific contributor to nonpoint source water 
pollution in the U.S. is agriculture (National Research Council, 1993; Doran et al., 2000). The 
principle contaminant is nitrates, which is most often caused by conversion of natural lands into 
intensively farmed fields, animal manures that are carried by runoff, atmospheric deposition, and (the 
largest contributor) conventional fertilizers (Doran et al, 2000). Within the last 30 years, humans have 
doubled the nitrogen inputs into terrestrial ecosystems which has resulted in transfers of the nitrogen 
to the atmosphere and to water columns (Vitousek et al., 1997).   
2.3 Review of the Literature (Similar Studies) 
The relationships between conventional and organic (ecological) farm practices’ impacts on 
soil quality are well studied throughout the world.  However, differences in energy inputs, feed, 
chemical inputs (agricultural fertilizers and biocides), crops, field rotations, labor, and levels of 
mechanization between different comparison studies increase the difficulty in comparing results 
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(Gomiero et al, 2011).  These issues with comparison studies are also compounded by geographical 
factors, such as varying climate and slope. 
The bulk of organic versus conventional comparison studies are focused on single soil quality 
parameters and/or one type of crop with a time frame of usually one season. This may help some in 
understanding different roles that agricultural management techniques play in soil quality. However, 
the narrow scope of such studies limits our understanding of the farm’s overall interactions and 
sustainability.  The most complete studies are long term studies with a minimum of 10 years—
although there are only a few (Gomiero et al, 2011).  
2.3.1 Previous Long-Term Soil Studies  
According to several researchers, “although few in number, important long-term studies 
concerning SOM content and soil quality characteristics in organic and conventional soils have been 
carried out, both in the United States and Europe” (Gomiero et al, 2011a, P. 7).  
The Rodale Institute Farming System Trial is a well-received study that started in 1981 and 
has continued to the present (Pimentel, 2005; Rodale Institute, 2015).  The experimental trials 
represent a holistic side-by-side comparison of the impacts and effects of conventional and organic 
agricultural management.  Besides soil health, the study analyzes crop yields, economic and energy 
inputs, and human health (Gomiero et al, 2011a; Rodale Institute, 2015).   
While modern day long term studies are showing how historical sustainable practices can 
increase soil quality, prior to the 19th century, farmers utilized these well-developed and what are 
considered now to be sustainable agricultural practices and technologies to sustain production on their 
farms.  As these historical sustainable farming practices are once again being utilized and reinvented, 
a growing understanding of the scientific relationships between such practices and improved soil 
quality are being developed.     
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As Pimentel et al. (2005, P. 1) state, “various organic agricultural technologies have been 
used for about 6000 years to make agricultural sustainable while conserving soil, water, energy, and 
biological resources.”  Pimentel’s research, rooted strongly in beliefs about the legacies and promises 
of organic farming, has yielded many interesting results and has resulted in over 41 peer-reviewed 
articles highlighting the differences between conventional and organic agricultural soil management.  
The trials have shown (as highlighted in Pimentel et al, (2005)):  
 Organic farming resulted in higher levels of SOM, thus increasing the overall 
sustainability of organic agriculture 
o The increased SOM showed increased soil resilience to erosion, drought, and 
leaching of nutrients  
 Lower levels of energy inputs by approximately 30 percent for organic systems were seen 
 Organic fields matched conventional fields in terms of per hectares yields  
 Labor inputs were approximately 15 percent greater than for conventional 
 Organic crop economic yields matched or exceeded those from conventionally-producing 
fields 
 Organic crop rotations and cover cropping methods reduced soil erosion, pests, weeds, 
and reduced or eliminated biocide use 
 Use of manures from livestock reduced the pollution, by turning a waste into a resource, 
while returning nutrients and organic matter to the soil. 
As this experiment has proceeded, the Rodale Institute’s Farming System Trial has 
established the long term viability of organic agriculture over conventional (Pimentel, 2005).   
Another long term study is a 12 year trial in Maryland, which was described in Teasdale et al. 
(2007). The study discovered that higher levels of SOM were found with organic management which, 
for the aforementioned reasons, greatly increased the soils’ resilience and overall sustainability. The 
only limiting factor for organic production in this study was weed control, which led to increased 
 39 
competition for nutrients, resulting in the conventional fields out-producing their organic 
counterparts.   
At the Rothamsted Experimental Station, a long term study in the UK, which is the longest 
running study in England, has demonstrated higher levels of SOM (120 percent increases in SOM 
over 150 years) in organic manured plots (Pimentel, 2005).  The overall yields of organic wheat 
compared to conventional wheat were 0.05 tons higher per year per hectare (Tilman, 1998). Another 
study in Poland showed increased levels of SOM and higher soil qualities for all years that the study 
plot was under organic management (Stalenga et al., 2008).  
A preponderance of studies highlight the benefits of organic field management in terms of 
soil quality, yet one study from Sweden found different results. According to Kirchmann et al., (2007) 
after 18 years of running a side-by-side comparison, no significant difference in SOM could be found 
between the organic and the conventional farm. However, this was expected as both organic and 
conventional farms were using heavy mechanization, along with the organic farms being required to 
use limited onsite-produced manures over the 18 year trial period (Kirchmann et al., 2007).  
Looking at soil chemical properties, several long-term studies have highlighted the improved 
soil qualities from organic management. This includes an eight-year study in the Sacramento Valley 
(Clark et al., 1998). Another study in Switzerland analyzed both biodynamic and organic plots 
compared to conventional (Siegrist et al., 1998; Mader et al., 2002; Flieβbach et al., 2007). Both the 
Sacramento Valley and Switzerland studies found significantly higher aggregate stability and water 
infiltration rates within the organically managed fields. Also, both the organic and biodynamic plots 
showed a strong correlation among SOM, aggregate stability, annelid numbers, and microbial 
biomass, thus showing higher levels of soil quality, and ultimately, an increase in the soil’s resilience 
to drought. 
In another study in North Carolina, Liu et al. (2007) discovered that organic farms had soil 
chemical parameters that measured higher than those of the conventional counterparts.  This was 
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demonstrated by higher SOM, higher levels of extractable carbon and nitrogen, and overall net 
mineralization rates of nitrogen (Gomiero et al., 2011). Similar results were found in a study in Italy 
by Russo et al. (2010). 
For whatever reason, soil nutrient values in terms of NPK—is only seldom mentioned.  Some 
studies and lead soil quality guides (NRCS, 2001) recommend testing for nitrates, however fewer 
mention the very important macro-nutrients for plant health and development.  Herencia et al. (2007) 
conducted one such study over a period of nine years in Spain, which included these important 
macro-nutrients.  This study, titled, “Comparison Between Organic and Mineral Fertilization for Soil 
Fertility Levels, Crop Macronutrient Concentrations, and Yield,” looked at SOM levels, nitrates, 
potassium, phosphorous, pH, electrical conductivity (Salinity/TDS), and associated yields. (Herencia 
et al., 2007).  
Upon completion of the research team’s analysis, the results showed that SOM content and 
available NPK increased in organic plots over those of conventional. There were no statistical 
differences found in crop yields, soil pH, and electrical conductivity among plots (Herencia et al., 
2007).  Herencia et al., concluded that organic manures outperformed mineral fertilizers.  Ultimately, 
it was determined that maintaining or building up SOM levels should be a prime concern as SOM has 
the capability to supply the macro and micro nutrients to promote soil fertility for the crops (Herencia 
et Al., 2007, P. 10).  
2.3.2 Previous Short-term Studies and relating Soil Quality and different management 
techniques selection of Soil Quality Parameters 
Within the European Union, Tuomisto et al., (2007) conducted a meta-analysis of European 
research attempting to ascertain whether organic farming reduces environmental impacts.   Within 
this study, over 644 articles were analyzed. The first group of papers was narrowed to a list of 275 
based on an analysis of the title and abstract; subsequent vetting and selection occurred, focused on 
European farming and robust comparisons of organic and conventional farming. This work 
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highlighted 71 articles with quantitative results for the following: SOM, land use, energy use, 
greenhouse gas emissions, eutrophication potential, acidification potential, nitrogen leaching, 
phosphorous losses, ammonia emissions, and biodiversity (Tuomisto et al., 2012).  
Tuomisto et al. (2012) separated the studies of sustainability indicators into two categories. 
The first was called “Life Cycle Assessments” (LCA) which looked at all of the associated impacts 
that occur during production up to the point where farm products leave the farm (Thomassen et al., 
2008). The other indicator, “non-LCA,” looked at impacts resulting from the farming process itself.  
For the purpose of this thesis research, only the non-LCAs (impacts associated with farming 
practices) were examined.  
It is important to note that Shepherd et al. (2003) set the stage for many of the studies 
comparing soil quality, and sustainability of organic farming, through his published article and guide 
“An Assessment of Environmental impacts of Organic Farming,” which provided a methodology to 
judge the sustainability of agriculture and served as the foundation for Tuomisto et al.’s (2012) meta- 
analysis.  
The non-LCAs that were examined included SOM, nitrogen leaching, nitrous oxide 
emissions, ammonia emissions, phosphorus losses, and biodiversity.  The most important was SOM, 
which also serves as one of the main variables in this thesis for its positive impacts on indicators in all 
three soil quality parameters. Soil organic matter also increases soil resilience by reducing 
susceptibility to erosion, retaining soil moisture levels (water retention), and increasing the overall 
capability of the soil to maintain production (Shepherd et al., 2003). A meta-analysis conducted by 
Tuomisto et al., (2012) showed that organic farms hosted an overall median increase in SOM of seven 
percent over conventional farms.  As SOM was the only metric used to describe soil quality in terms 
of sustainable field management, the organic farms yielded greater soil quality in this meta-analysis. 
Although SOM is a good indicator of soil quality (Doran, 2006; Karlen, 2003; Manley, 
2006), it is best to consider additional methods of soil quality analysis to provide a more thorough 
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view of organic versus conventionally-managed soils (USDA-NRCS, 2015a).  The best way to do this 
is to look at all three parameters in soil quality: Physical, chemical, and biological (Pimentel et al., 
2005; Diepeningen et al., 2006; Gomineo et al., 2011; Tuck et al., 2014; USDA-NRCS, 2001; USDA-
NRCS, 2015a).  
2.3.3 Similar Study to Thesis in the Netherlands 
A study similar to this thesis was conducted in the Netherlands in 2001.  That study compared 
organic and conventional farming systems’ effects on chemical and biological soil properties 
(Diepeningen et al., 2006).  The study compared 13 organic farms to neighboring conventional farms 
on the same soil type, and other similar geography. This is one of the first studies to search “for the 
effects long-term organic management under Dutch conditions has on soil health [as] determined by 
physical, chemical, and especially biological parameters of the soil” (Diepeningen et al., 2006, P. 2). 
 Previous to this study, very few studies measured physical, chemical, and biological soil 
parameters with a focus on soil quality as a measure of sustainability. Some studies that did look at 
soil quality were from a few short- and long-term trial systems or experimental farms. This is 
significant as only a minority of studies consisted of field research. 
According to Diepeningen et al., the studies based on experimental or trial farms found that 
macronutrient levels were higher in organic versus conventional fields due to manure inputs and the 
use of cover crops (Diepeningen et al., 2006).  Mader et al. (2002), however, demonstrated lower 
concentrations of nitrogen, phosphorus, and potassium in organic fields.  Other researchers found that 
conventional soils had lower microbial diversity than the soil in its natural situ, while organic soils 
hosted a much higher diversity of soil biota (Mader et al., 2002; Mulder et al, 2003). At the same time 
in the United States the NRCS had just released their Soil Quality Test Kit, and Guide (USDA-
NRCS, 2001) indicating a renewed interest in understanding soil quality and its relation to different 
styles of agricultural management.    
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As the Diepeningen et al. study was taking place, the European Union was experiencing 
increased interest in sustainable farming practices (Diepeningen et al., 2006). In Holland, the national 
government attempted to have 10 percent of its agriculture under organic management by 2010.  
Under this system of organic management, and other ecological farming practices, synthetic 
fertilizers and biocides would be replaced with green manures (to increase soil quality), pests would 
be controlled naturally, and monocropping principles would be replaced by those of crop and 
livestock diversity (Diepeningen et al., 2006). 
According to A.H.C. Dutch researchers Van Bruggen and A. M. Semenov, “A healthy soil is 
defined as a stable system with resilience to stress, high biological diversity, and high levels of 
internal nutrient cycling” (Diepeningen et al., 2006, P. 14).  With a clear definition of a healthy soil, 
this study observed the soil health in functioning farms (under different management regimes: 
Conventional vs organic) and as determined by physical, chemical and biological parameters.  The 
study included 13 “SKAL” accredited (Dutch equivalent of the USDA) organic farms that were 
randomly selected on different soil types throughout Holland.  The majority of the aforementioned 
studies were conducted on one experimental farm (Diepeningen et al., 2006) – it was a multiphase 
study, looking at all three soil parameters, and included analyzing the management practice history of 
each farm site.   
The Dutch researchers’ soil samples were taken from organic and conventional farms in 
matched pairs. Each organic farm’s soil type was analyzed, and a neighboring farm with the same soil 
type, geography, and similar cropping system was selected.  In one instance, an organic farm matched 
two neighboring conventional farms, bringing the total number of samples to 27 fields (13 organic, 14 
conventional).  After the farms were selected, the samples were collected within two weeks in May 
2001 (Diepeningen et al., 2006).  Four to five farms were sampled each day.  At each field, soil was 
collected from 10 sites (from 20cm deep) and mixed together to create a field composite sample.  At 
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each site, farmers were asked questions regarding the history of their fields being sampled.  They 
included all information regarding tillage and overall farmer opinions of their soil.  
Following the completion of the soil sampling, the research team conducted an in-depth 
analysis of all three parameters of soil quality. Management data included: Fertilizer applications and 
type, cover crop use, weeding type, and number of years organic. The physical, chemical, and 
biological properties measured were: Percent sand/silt/clay, pH, NO3, NH4, N, N (organic), NPK, soil 
respiration, soil biota, soil bacteria diversity, and nemotode counts and diversity. 
 Following the lab work, the results were analyzed.  Statistical tests were completed, first by 
utilizing one-sided paired t-tests for the comparisons between organic and conventional soil 
parameters.  With the nominal and ordinal data, Chi-squared tests on frequencies were used. 
Correlations were run on all variables (Diepeningen et al., 2006). 
In this study, a few major differences were found (Diepeningen et al., 2006, P. 1).  These 
differences included that organic sites had higher nitrogen levels, as nitrates were more prone to 
leaching in conventional farms. Organic sites had a higher trend of carbon (not a statistical 
difference), lower phosphate levels on organic sites were noted, and higher rates of soil biota and 
diversity in organic sites were found. However, no significant difference in soil pH existed.  Overall, 
the study showed that the organically managed sites yielded a higher rating in biological soil 
parameters.  Notably, few differences were shown between chemical and physical parameters 
(Diepeningen et al., 2006). 
This study highlights the validity of using non-experimental farms to conduct research on the 
effects of organic and conventional management on the three parameters of soil quality.  This study 
could have been improved if the additional tests made available with the NRCS Soil Quality Test Kit 
and Guide were used.   It is this author’s intention to build upon this study’s foundation and 
incorporate more testing relevant to soil quality.  
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2.4 Pilot Project 
2.4.1 Pilot Study: Quantifying Soil Erosion Rates within the Granquist Homestead 
During the first phase of this research the author conducted a pilot project focused on soil erosion and 
compaction at the Granquist homestead, located west of the Skagit River near Mt. Vernon, 
Washington (Figure 11 below). The site’s soils range from silt loams to very fine sandy loams 
(Appendix 1). This homestead was founded in 1905, by a 16-year old Swedish immigrant. At the time 
of purchase in 1900, Mr. Granquist cleared the vegetation, drained the wetlands (seen in the 1870’s 
land survey (Fig. 4)) and started a small 15-cow dairy in 1915. In the 1930’s his teenage son, 
Henning, took over the dairy and worked there until his death in 1987.  Up until his death, Henning 
Figure 11 Granquist Homestead site map with study areas and sampling and measurement locations indicated. 
Relief measurements were made at sites marked by lowercase letters; soil properties were evaluated at sites 
marked by the area number and an uppercase letter (NRCS Soil Map, 2012) 
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farmed for the Darigold Cooperative, without the use of hormones or any chemical or artificial 
fertilizers (Granquist, 2006). 
This site has been farmed both conventionally and as a non-certified organic farm.  It is 
especially useful for evaluating the effects of intensive farming because the duration of farming is 
known and because known differences in agricultural practices within different subareas of the farm 
also is available.  Within the homestead, three areas were identified for study (Figure 11). 
For Area 1, corn had been conventionally grown in this area using artificial NPK fertilizers and 
herbicides, beginning in 2009. This area was previously an organically-farmed hayfield. This area 
was chosen for the cornfield because it was located away from the outbuildings and provided enough 
space to navigate the machinery required (Don Mo, personal communication, 2011). It is plowed 
between plantings of corn, and planted with seasonal cover crops of winter wheat, legumes, alfalfa, 
clover, and hay silage.    
Area 2: This area has remained as organic pastureland since 1915. Current land use in this 
area is similar to land use in Area 1 prior to 2009. 
Area 3: This area has undergone occasional intensive farming since 2006 and is currently 
cover-cropped with grass silage crops. 
Hypothesis: The author expected to find reduced SOM levels, increased soil erosion, lower 
soil pH, higher soil compaction, and lower infiltration rates in Area 1 than in Areas 2 and 3 because 
Area 1 has been intensively farmed for 23 years. 
Topography and soil properties were then investigated at the Granquist homestead to 
determine whether intensive farming practices had led to increased topsoil erosion and compaction. 
Soil pits were dug and SOM, particle size, pH, infiltration rate, and compaction were determined 
within the selected areas of the site. Surface soil compaction, SOM, and pH were found to correlate 
with farming intensity. The most intensively farmed area was difficult to dig through and had 
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infiltration rates lower than the other two areas, but this may be due to higher clay content in the soil, 
rather than compaction. A 24-cm elevation difference was observed between the most intensively 
farmed field and the surrounding area, suggesting a soil loss rate of about 1 cm/yr. It is not clear 
whether this elevation difference could be attributed to erosion, compaction, or other factors. 
The pilot project in Skagit County provided many lessons learned.  First, the number of 
samples per field needed to be increased to at least 15 and analyzed separately to be statistically 
significant (Mahler & Tindall, 1994). Secondly, there was a need to increase the number of 
comparable fields. Third, additional testing parameters were needed, such as soil moisture, salinity, 
NPK measurements, and presence of annelids. 
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3Chapter 3 
THE RESEARCH METHODS 
3.1 Introduction 
The methods utilized in this thesis were chosen based on the equipment available as well as 
methods discussed in previous soil quality studies and other relevant literature. In particular, the 
literature regarding comparisons of yields and other parameters of organic and conventional field 
management was both extensive and useful.  Many of the methods conducted in this thesis are similar 
to quantitative assessments of soil quality conducted by other soil scientists, and also those used by 
the UDSA-NRCS. The methodology was developed in consultation with Dr. Gigi Berardi, Dr. 
Andrew Bach, Dr. Patrick Buckley, and Dr. Scott Linneman.  Other significant influences on this 
research included Diepeningen et al., (2006); Herencia et al., (2007); and Tuomisto et al., (2012) as 
these studies (discussed in Chapter 2) have provided the theoretical and practical concepts in this 
thesis most useful for measuring soil quality. 
This thesis is a result of multiple phases of research. The first phase was to select farms 
throughout Skagit County that would meet the criteria identified by the research team5.  This also 
included selection of the site sampling strategy, field analysis, and on-site soil analysis. The second 
phase included the lab data collection/organization strategy, laboratory analysis, and use of statistical 
methodology.  The final phase included collecting and interpreting the results of the selected six 
matched farm pairs as to which exhibited higher soil quality?  
                                                     
5 The research team consisted of Daniel Nessly, Professor Andy Bach, NRCS Soil Survey 
Team leader Bruce Lindsay, and multiple undergraduate students. 
 49 
3.2 Research Design 
The overall design of this thesis differs from most soil studies, in that it utilizes working 
conventional and organic farms; it draws on extensively from Diepeningen et al. (2001; see Chapter 
2).  Further, this study measures the long term effects of different management regimes infield, rather 
than on experimental sites. 
The first phase of the thesis required access to private farms that met the site-selection criteria 
of the study.  The design required matched pairs (i.e., pairs matched on as many variables as 
possible), with each pair consisting of an organic farm and a contiguous conventional farm with the 
same soil type and with similar types of crop production, e.g., both producing mixed-vegetable crops.  
All soil samples of matched pairs were taken within the same day; samples for this thesis research 
were taken spring and summer, 2013. This was intended to avoid the effects of extraneous variables 
that would likely be introduced by a less strict sampling schedule.   
3.3 Site Selection  
 I used a "snowballing" technique in farm selection, with initial contact made through 
connections in the Skagit Valley College's Sustainable Agriculture class. I met each of the farmers 
through those connections or they were introduced to me by their neighbors (who were members of 
the SVC Class). All relevant information identifying and pertaining to my WWU thesis was presented 
to each farmer. Each farmer was informed as to my Huxley College/WWU affiliation, my graduate 
work and thesis purpose, and that I was a returning vet from military service. All the items are 
important to my personal identity, and I felt that it was important to share them. At the end of the 
study, each farmer received by email (my WWU Student email) a copy of my findings/results with a 
short interpretation and a personal thank you for allowing use of their farm.  The only farmers that 
didn't want any soil report was the Hughes farm near Mount Vernon.  They allowed soil testing on 
their farm, however were not interested in the results. Participating farmers were aware that the data 
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obtained and analyzed would be published in a WWU master’s thesis, and then posted to CEDAR 
(Contributing to Education through Digital Access to Research), which is publicly accessible. 
A total of 40 farms were queried regarding participation, with 10 farms volunteering to 
participate.  Six organic farms were then compared to four conventional farms as matched pairs for 
side-by-side comparisons (Figure 12). 
Soils analyzed for this study ranged from silt loams to very fine sandy loams, and soil 
measurement included field pH, salinity, NPK, soil compaction, SOM, SM, soil textures 
(approximate percent sand, silt, and clay), and water infiltration rates.  At each site, the research team 
gathered additional information for each field to determine management style, and data including 
previous land management.  On the six organic farms, seven organic fields were sampled and directly 
compared to six fields from the four conventional farms.  This provided seven matched pairs in total, 
Figure 12 Map of all Organic fields (Conventional farms are adjacent to their 
organic counterparts) 
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listed in Table 2 below. Each matched pair served as a side-by-side comparison and had an organic 
and conventional field on the same soil type that was subject to the same inherent soil factors such as 
climate, parent material, and relief. Each matched pairs’ soil samples were analyzed to help determine 
if the hypothesis of this thesis was correct. 
Farm 1: Dariotis Homestead 
This area has remained in organic mixed grain crops since 2011 when it was purchased from 
a local potato farmer. Currently, the land is cover-cropped in preparation for returning to mixed 
vegetable production.  Field 2 has been subleased to the neighbors for three years and is currently in 
mixed conventional vegetable production. 
Field 1: Mixed organic vegetables (cover cropped w/rye vetch). 
Farm 2: The Hulbert Farm 
 Potatoes have been conventionally grown in this area using artificial NPK fertilizers and 
herbicides for over three years. This area was previously a hayfield. This area is currently under lease 
from the Dariotis family who hopes to retake the field within the decade. 
Field 1: Mixed conventional vegetables (not cover cropped). 
Conventional Farm Organic Farm
Comparison 1. Hulberts Dariotis
Comparison 2.
Granquist                                             
(Field 3)
Granquist                                      
(Field 1)
Comparison 3.
Highland Farm West                       
(Field 3)
Highland Farm West                     
(Field 1)
Comparison 4.
Highland Farm West                       
(Field 3)
Highland Farm West                  
(Field4)
Comparison 5. Hughes (Field 1) Viva/Growing Washington
Comparison 6. Hughes (Field 2) Viva 
Comparison 7. Hughes (Field 3) Osborne Seeds 
Table 2 Matched Farm Pairs for side-by-side Comparisons 
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Farm 3: Granquist Homestead 
Within the Granquist homestead the time interval of intensive farming is known, including 
the start dates for artificial inputs.  This farm started out as a dairy in 1915, when family of the author 
of this thesis moved from Sweden. It functioned for 65 years as a 40-acre dairy with around 15 cows. 
In the 1980s the cows were sold; in 1989 the farm was subleased to the Mo family, and in Field 3 
conventional methods were used starting in 2009.  Within the Granquist homestead, three fields were 
identified for study. 
Field 1: This area has grown organic hay and grain with organic manure applications since 
1915. 
Field 2: This area has undergone occasional intensive farming since 2006 and is currently 
cover-cropped with grass for silage. 
Field 3: Corn and grass for silage has been conventionally grown in this area using both cow 
manure and artificial NPK fertilizers and biocides, beginning in 2009. This area was previously an 
organically-farmed hayfield. 
Farm 4: Highland Farm West 
The Highland farm is owned by two local farmers.  These farmers recently acquired 
additional multiple acres from a potato farmer in hopes of rehabilitating the soil and increasing the 
size of their farm.  One of the farmers has also been producing vegetables and organically managing 
one of the three fields for two years. 
Field 1: Organic grain production for two years, previously conventional potato fields. 
Field 2: Resting field, two years ago conventional potato, little to no activity.  
Field 3: Up until December 2012, was part of a conventional potato farm, now in cover crop. 
Field 4: Organic row vegetable for two years.  
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Farm 5: Growing Veterans 
This is a new farm run by veterans. This farm is non-certified organic, however the land had 
been organically certified before (2009).  Unfortunately there was no suitable conventional farm 
available for comparison.   
Field 1: Located in the southwestern corner is a field of organic row vegetables. 
Field 2: This is a field of raspberries that have been in place for over five years. This area is 
also organic and receives little-to-no artificial inputs. 
Farm 7: Viva/Growing Washington Partnership Farm  
The first field under Growing Washington has undergone occasional intensive organic 
farming since 2009 and is currently growing organic vegetables.  After harvest, the plants have been 
left in place as an effective and inexpensive cover crop. Grass also has been planted between rows. 
The second field has been under the management of Viva farms.  Viva Farms is a project of 
GrowFood.org, an international non-profit dedicated to recruiting, training, and capitalizing the next 
generation of sustainable farmers. Since 2009, Viva farms sponsors an ‘Incubator Program,’ launched 
to provide new farmers affordable access to education, training and technical assistance, capital and 
credit, and land and markets. Any of the Skagit/Viva alumni may lease plots of land for either 
substance or commercial sale. Viva also continues to share infrastructure, farm equipment, and 
knowledge, and offer low-interest loans to further their farmers’ success. Working with Viva farms 
also allows access to WSU Extension personnel who have extensive knowledge in organic 
production, sales, marketing techniques, produce distribution, and other logistics (Schaffer, 2013). 
This farm is in partnership with Growing Washington and is used in the comparisons with the Hughes 
Farm. 
Field 1: Organic row vegetables for over three years, and farmed intensively with periods of 
rest, and cover cropping. However, in spring of the year of the study, the field was left barren after 
tillage. 
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Field 2: Organic row vegetables for over three years, and farmed intensively with periods of 
rest, and cover cropping.   
Farm 8: Osborne Seeds 
For over 32 years the Osborne Seed Co. has been producing seed for organic producers 
locally.  Each year the team at Osborne grows trial crops to produce the hardiest plant seeds.  Trials 
are continuing at their site adjacent to the Hughes conventional vegetable farm, as well as at Growing 
Veterans in Lynden, and a few other locations. 
Field 1: Organic seed crops, for trial production. This land is subleased from a local Mount 
Vernon farmer for only three years.   
Farm 9: Hughes Farm 
This land was leased from a local family for four years and had been used annually for 
vegetable and potato farming. All of the farm’s fields were left barren after harvesting each year, until 
2013 when the family introduced cover crops. 
Field 1: Mixed vegetable, corn, and potato farming, with rye/vetch cover crop. 
Field 2: Mixed vegetable, corn, and potato farming, with rye/vetch cover crop.  
Field 3: Mixed vegetable, corn, and potato farming, with rye/vetch cover crop. 
3.4 Site Sampling Procedures and Methods 
Sampling and field measurements took place from January through mid-June in 2013. Fifteen 
soil samples were collected and GPS-measurements taken on each field using a systematic random 
(judgment) sampling method which was used in all fields (Ebdon et al., 1977; Mahler & Tindall, 
1994; Carter, 2008).  
According to Carter (2008), the most common sampling design for soil field studies is the 
systematic random sampling, which separates the field into grids and randomly selects points within 
each grid. This is the most efficient and popular sampling strategy to best produce field composite 
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samples along with providing geospatial representation across the field. For the three annelid soil pits 
and the single water infiltration sample site, judgement sampling required the selection of sampling 
points based on knowledge held by the research team (areas that the team ascertained were 
representative of the field, based on knowledge of the factors that might cause outliers in the data), 
and was conducted in an attempt to most accurately create samples that were estimates of the field’s 
true characteristics (Carter, 2008).   
Each soil sample was taken with a soil probe, taking the top six to eight inches of topsoil 
from within the crop rows. As indicated by prior studies, soil samples were not mixed together as one 
composite.  Each soil sample was measured individually so that each would yield results that could be 
geospatially analyzed. This allowed for additional statistical analysis beyond that provided by the 
typical composite sample method (Mahler and Tindall, 1994). 
The composite sample method is to mix together all of the collected samples in a bucket, then 
extract and analyze one or two samples from the mix to create a representative field sample; this was 
utilized during the pilot project (USDA-NRCS, 2001).  Diepeningen et al., also followed this 
methodology despite its limitations, yet for the purpose of accuracy in this thesis, the author 
individually analyzed all 15 soil samples. At each sample site, three compaction measurements were 
taken.  These compaction readings were then averaged to give a representative figure of the levels of 
compaction for the soil at the sample site. This allowed for a good geospatial representation of soil 
test results and a greater understanding of field conditions. Some soil analyses were conducted in one 
to three random locations -- to serve as representative of the particular field—this was true for 
infiltration measures and for the annelid analysis. 
During this project, Bruce Lindsay from the NCRS accompanied the research team to each 
field and confirmed that the soil type stated on its website was accurate for each particular field.  It is 
believed that this is the first such study with so much triangulation in Skagit County (Lindsay, 2014).  
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Due to the soil type confirmations from Bruce Lindsey, the research team is confident that the soil 
types listed are accurate. 
3.5 Research Procedures 
3.5.1 Soil Sample Collection and Analysis, Testing for Soil Quality 
Multiple parameters of soil quality were measured in the field. Due to time and resource 
constraints, water infiltration tests were conducted once per field, annelid analysis pits were dug and 
analyzed three per field, and soil compaction was tested throughout the field at each of the 15 soil 
sample sites. For more, see Table 3. 
Each site was first mapped using the NRCS’s web soil survey6 to discover the recorded soil 
type for that field. This was followed by field confirmation conducted by Bruce Lindsay (lead NRCS 
Representative for Skagit Valley). 
                                                     
6 Available at: http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm 
Table 3 Soil Quality Test Locations and Sample Size 
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3.5.1.1 Field Sampling Procedures 
The first of the field tests conducted was soil penetration resistance or top soil compaction. 
This simple test measures the ability of the soil to resist an object being forced into the soil (USDA-
NRCS, 2001).  It can help determine if there are dense surface layers or surface soil crusts, which are 
both symptoms of soil compaction. Increased soil compaction will result in higher soil bulk densities 
“which can reduce water infiltration, reduce soil surface strength, increase runoff and erosion 
potential, and reduce site productivity” (Jones et al., 2004, P. 1).  As soil compaction is an indicator 
of changes in bulk density, the measurement of soil resistance, using a hand penetrometer, can 
highlight slight changes in the soil column that are sometimes more difficult to determine from bulk 
density calculations.   
The soil penetration resistance measurements were conducted with a small instrument 
referred to as a pocket penetrometer (Figure 13). This device measures the topsoil 
compressive strength in units of kg/cm3.   The soil compaction levels were taken at 
each site next to where the soil probe extracted the soil core, and values were 
recorded.  This allowed for a spatial visualization of the overall levels of surface 
compaction throughout the fields, and in relation to other soil quality parameters. 
An infiltrometer (Figure 14) was used to measure the rate of water that 
infiltrated into the soil over a 15 minute interval at a select site that was best 
determined (judgement sampling) as representative of the field (Carter, 2008; USDA-NRCS, 2001).   
These values were used to calculate water infiltration rates. The infiltrometer measurement was taken 
by inserting the device into the soil until the first metal rim was at soil level. Then the reservoir was 
gently filled with one liter of water to prevent any disturbance to the soil (USDA-NRCS, 2001).  
After the probe was inserted into the topsoil column, and the water reservoir filled, the time in 
minutes was recorded for the time it took for the water to infiltrate the soil (USDA-NRCS, 2001).  All 
results were recorded with the date and time.    
Figure 13 Pocket 
Penetrometer 
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The final field test included the annelid analysis.  Since annelids 
are most active during the spring and fall, meaningful results were 
expected for the spring sampling (USDA-NRCS, 2001).  The first step 
was to dig a 12” x 12” x 12” soil pit while minimizing any sharp shovel 
cuts to avoid killing any worms in the process (USDA-NRCS, 2001).  
All soil from the 12”x12”x12” pit was placed on a blue tarp to ensure 
capture of the worms and to provide contrast for worm visibility.  The 
soil was then sorted by a team of undergraduates from WWU who recorded all worms by type (both 
vertical and horizontal burrowing).  The number of annelids were recorded, and the worms and soil 
were returned to the field.    
3.5.1.2 Lab Sampling Procedures: 
All samples were analyzed for percent SOM and soil moisture. SOM was determined by the 
loss-on-ignition method (Oliver et al., 2000; Heiri et al., 2001; Schulte, 1995; Stoner, 1984). Crucibles 
were weighed independently, and then approximately 40g of soil was placed in the crucibles and 
weighed again. The samples then were dried at 100 °C for 14 hours, then reweighed in their crucibles, 
giving us the percent soil moisture content. The samples were then heated at 500 °C for two hours to 
burn off organic matter, and then reweighed. The mass difference was divided by the original sample 
mass to give the percent loss on ignition; this value represents the percentage of organic matter in the 
soil sample (Heiri et al., 2001). 
Figure 14 Infiltrometer 
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All soil samples were analyzed for pH and salinity/electrical conductivity (EC) in the soil lab 
with the Oakton EcoTestr EC low pocket conductivity tester (Figure 15) and the Accumet AB15 pH 
meter (Figure 16). Soil samples were prepared for measurement by taking a portion of air-dried soil 
(24hr) and placing it in a beaker with nano-pure water added at a 1:1 soil-water ratio, and stirred 
(USDA-NRCS, 2001). The soil-water mixtures were then stirred after a few minutes, until mixed 
thoroughly, and left to soak for at least two hours (USDA-NRCS, 2001). The soil slurry was re-stirred 
and the EC meter probe was then placed in the solution, and used to stir the soil slurry to guarantee 
that the soil did not settle while the reading was being taken. Once the EC reading was recorded, the 
soil slurry was saved and used for pH measurements (NRCS, 2001). Before pH measurement, the soil 
slurry was re-stirred.  Intermittently between measurements (an average of every 10 samples), the pH 
meter’s standardization or calibration was checked with pH 4, 7, and pH 10 buffer solutions to ensure 
accuracy. For the measurement itself, the pH probe was immersed in the upper portion of each soil-
water solution, and measurements were recorded once the meter reading stabilized. Between 
measurements, the meter was thoroughly rinsed with deionized water and air dried.   
Figure 15 Electrical Conductivity Meter 
   Source: http://www.4oakton.com 
Figure 16 Accumet AB15 pH Meter 
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A simple lab test kit from LaMotte was utilized for all NPK nutrient measurements.  Soil 
samples were prepared by air drying overnight. Any large debris (sticks, leaves, or stones) that could 
impact the results was removed from the soil samples. First a small 30ml test tube was filled with 20 
ml of nano-pure water, then two Floc ex tablets provided in the kit were added and mixed into the 
water. 10ml of soil was added to the beaker and shaken.  The solution was left to sit until the solution 
became clear. The clear soil solution was then used for the following N, P, and K tests.  For nitrogen 
and potassium, 10 ml of the soil solution were added to the test tubes.  With phosphorous, only 3ml of 
soil solution was added to 7ml of nano-pure water before the addition of the appropriate test tablet.  
After the appropriate test tablets were added, each solution was mixed for two minutes before letting 
rest for 5 more minutes. Following this the test tube colors were checked against the test kit guide to 
determine the approximate concentrations of N, P, and K as shown in Table 4.  The LaMotte Soil 
NPK kit (3-5880) provided very general results of the selected macronutrients at the ordinal scale. As 
non-parametric tests (such as the Mann-Whitney) can be applied to categorical data, this proved 
useful for field comparisons for differences of means (Triola, 2008). 
 
NPK Test Results
Low/PPM Medium/PPM High/PPM
Nitrates 40 80 160
Phosphorus 4 10 32
Potassium 20 40 80
Table 4 NPK Potential Results in PPM 
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3.6 Data Organization 
The analyzed data appear in Appendix 2; a sample appears below in Table 5. 
 
3.7 Comparative and Statistical Data Analysis 
The statistical analysis was performed with the IBM SPSS 22 program and Microsoft Excel 
(2013). All results were organized by field and then analyzed for each soil quality characteristic.  The 
data were measured for central tendency and expressed as mean values. In addition, all parameters 
that were of ordinal and ratio scale were measured for statistical differences. The comparisons 
between organic and conventional farms’ soil characteristics, with normally distributed data 
(determined by Shapiro-Wilk), were tested with Student’s t tests at a value of p< 0.05 (Diepeningen et 
al., 2006). All parameters with non-normally distributed data or ordinal data were analyzed with the 
non-parametric Mann-Whitney tests (Diepeningen et al., 2006). 
  
Table 5 Example of Data set per field (each samples found value, along with overall field mean values)  
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4Chapter 4 
4.1 Results and Summary  
As discussed in Chapter 3, a practical research design using multiple forms of analysis was 
employed to show possible trends or differences in soil quality between organic and conventional 
agricultural soil management.  In this chapter, I include the results for each side-by-side farm 
comparison, as well as for the pooled data. “Pooled data” means all organic field data combined and 
compared to conventional field data to form one overall comparison of organic versus conventional 
soil quality indicators. These comparisons will include the same variables: SOM, SM, compaction, 
pH, salinity, NPK, water infiltration, and annelids (Diepeningen et al., 2006). 
For each field, independent soil quality variables were analyzed using three statistical 
methods. First, each soil parameter (dependent variable) was analyzed with Microsoft’s SPSS 
statistical software for descriptive statistics including measures of central tendency expressed in mean 
values. Next, all dependent variables were subjected to tests of normality (Shapiro-Wilk).  Lastly, t-
tests (and the non-parametric equivalent) were used to determine if the mean values of the organic 
and conventional fields’ soil quality indicators were statistically different from one another (Triola, 
2008). The type of t-test was dependent on the results for the tests of normality, and scale of 
measurement (ordinal, interval or ratio, Mann-Whitney for non-parametric, and Student’s t-tests for 
parametric data).  
In the next section, the results are given for each test per farm field comparisons (Table 6), 
together with a short discussion of results for each soil quality parameter. This is followed by a brief 
summary to highlight differences in soil quality and farm yields. This is followed by a closing 
summary to examine the results within the framework of previous research. 
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4.2 Results for Farm Comparisons  
It was hypothesized that organic fields would exhibit more desirable soil qualities due to 
more sustainable practices. In some instances, the comparisons between matched field pairs do not 
bear this out. One explanation for this is that some conventional farms utilized sustainable practices 
such as green manures, cover cropping, reduced tillage, and crop rotations, as well as conventional 
practices, thus eliciting more desirable soil qualities than anticipated.  In each case, this information is 
presented with the results to explain some unexpected differences (Table 6). However, it also is 
important to note that many of the organic fields recently transitioned and thus the effects of organic 
practice may not be so evident. 
The arithmetic means of each soil quality indicator was determined for measures of central 
tendency along with the standard deviation.  Next, after a test to determine if the data set followed a 
normal distribution, the appropriate t-test was run. If the data set for each individual parameter such 
as SOM was normally distributed, a simple comparison was possible.  Each variable or soil quality 
parameter was tested at a confidence level of 95%.  For comparisons between the fields with different 
sample sizes (Dariotis vs. Hulberts), the Welch’s t-test was used in place of the Student’s t-test 
(Diepeningen et al., 2006). 
Conventional Farm Organic Farm
Comparison 1. Hulberts Dariotis
Comparison 2.
Granquist                                             
(Field 3)
Granquist                                      
(Field 1)
Comparison 3.
Highland Farm West                       
(Field 3)
Highland Farm West                     
(Field 1)
Comparison 4.
Highland Farm West                       
(Field 3)
Highland Farm West                  
(Field4)
Comparison 5. Hughes (Field 1) Viva/Growing Washington
Comparison 6. Hughes (Field 2) Viva 
Comparison 7. Hughes (Field 3) Osborne Seeds 
Table 6 Field Comparisons 
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4.2.1 Dariotis versus Hulbert 
Brief History:  As mentioned earlier, the organic Dariotis field has remained in organic mixed 
grain production since 2011 when it was purchased from a local potato farmer. In 2013 the land was 
cover-cropped in preparation for returning to mixed vegetable production.  The Dariotis family 
subleased another field (Hulbert Farm, Field 1) to the Hulbert family. The latter field has been under 
conventional management since 2010, producing potatoes, corn, and other specialty crops.  Prior to 
this, the field was a hayfield. The Dariotis family hopes to reclaim and organically certify the leased 
field within the decade. 
Both of these farms are on a Skagit silt loam soil, with approximately 17.7/58.4/23.8% 
sand/silt/clay. It is important to note that the soils are situated in alluvial flood plains, for which the 
nutrient-loading effect was diminished with the building of the dikes in the late 19th century. Note, 
too, that Hulbert Farm Field 1 was significantly larger than Dariotis Farm Field 1, so additional 
samples were taken. However, it was determined that this was unnecessary after consultation with Dr. 
Andy Bach.  In the interest of uniformity and time, all other fields were sampled in 15 locations for 
most soil quality indicators. 
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Soil Quality Indicator Values and Statistical Significance 
This section includes the results for all 10 soil quality indicators.  Each soil quality indicator 
value is expressed as the arithmetic mean value of samples taken per field and given in Table 7 
below.   
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Overall, the organic field exhibited better soil quality for all indicators that were measured 
against the conventional field (Table 7).  The only exceptions were for the annelid analysis and water 
infiltration tests, which yielded no interpretable results due to the saturated field conditions. Organic 
fields yielded statistically significant higher levels of soil quality in five out of eight soil quality 
indicators: SOM, compaction, pH, salinity, and nitrates (Table 7). However, even as the organic fields 
exhibited higher soil qualities in all areas, the differences between organic and conventional 
management were not statistically significant in the measurements for SM, phosphorous, and 
potassium. 
Within the physical parameters, infiltration rates were zero after 15 minutes at both sites. 
After careful consideration, the research team believed that the soils were completely saturated with 
water from previous heavy rainfall during the morning and night before.  It is likely that this high 
rainfall also influenced the higher levels of available soil moisture. The SM content was also higher in 
Table 7 Dariotis vs Hulberts soil quality indicators mean values & Statistical Significance 
 66 
the organic field at 27.78%, while the conventional field averaged 25.73%.  As higher levels of SM 
are associated with higher levels of SOM, it makes sense to see higher SM in the organic field.  This 
could also be due to the presence of a soil crust found on the conventional field, which also 
contributes to lower available SM as the water cannot as easily penetrate the soil surface.  
The heavy rains mentioned previously could have contributed to the formation of surface 
crusts on the bare soils in the conventional field, which could be responsible for higher levels of 
topsoil compaction. The mean level of compaction for the organic field was lower, at 1.3 kg/cm3, 
while the conventional field was higher with a mean level of compaction at 2.1 kg/cm3. 
Within the chemical parameters, the mean soil pH was found to be 6.23 for the organic field. 
The conventional field averaged a slightly more acidic value with a pH of 5.86. The higher pH in the 
organic field was expected as a result of spot application of lime, rather than broadcast application as 
seen in conventional fields. As pH, salinity and NPK measurements are all interrelated, it was 
expected to find a higher average soil salinity expressed in micro-Siemens (µS) at 381 for the organic 
field, while the conventional field had a lower average of available salts with a mean value of 186 µS. 
As salinity is an indicator of available nutrients in the soil, the NPK trends followed the 
results of the salinity tests. As expected, the NPK were found to follow the pattern with higher 
average concentrations of nitrates, phosphorous, and potassium in the organic field.  The mean 
concentration of nitrates is 196ppm for the organic field, while the conventional field averaged 
32ppm.  The average mean concentration of phosphorous, also expressed ppm, is 22ppm for the 
organic field while the conventional field averaged 15ppm. The mean concentration of potassium is 
120ppm for the organic field and 112ppm in the conventional field.   
Due to the use of organic manures, cover cropping, reduced tillage, and other sustainable 
management practices, the higher levels of SOM within the organic field were expected.  SOM levels 
were found to be 6.45% for the organic field and slightly lower in the conventional field at 4.97%.  
Upon visual inspection of the field, with the formation of a surface crust, bare soils, and no organic 
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manures, the 4.9% SOM for the conventional field was higher than expected.  However, if the 
Hulberts continued to leave the fields barren, the SOM would continue to be at risk.   
Summary of Findings at the Dariotis and Hulbert Farms 
The comparisons between the Dariotis homestead and the Hulbert’s farm highlighted the 
contrast between organic and conventional soil management.  The organic field outscored the 
conventional field in all soil quality indicators.  This is most likely due to the sustainable practices 
utilized by the organic farm including green manures and cover cropping.  The higher soil quality 
values will help increase the overall ability of the farm to respond to stresses including climate 
variation and drought. 
4.2.2 Granquist Homestead  
Brief History: Within the Granquist homestead, three areas were identified for study that all 
are situated near the Skagit River on alluvially deposited soil. Originally, these fields were natural 
wetlands, until being drained in 1912 by the Granquist family to support the dairy.  Periodic flooding 
helped replenish soil nutrients until the completion of the Skagit dike system. These soils have the 
same soil type: Mt. Vernon very fine sandy loam, with approximately 44.2% sand, 49.5% silt, and 
6.3% clay. Field 1 is organic and Field 3 is under conventional management. 
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Soil Quality Indicator Values and Statistical Significance  
Overall, the organic field exhibited higher mean values for four out of 10 soil quality 
indicators (Table 8).  The exceptions were for the compaction, pH, salinity, nitrates, phosphorous, 
potassium, annelids, and infiltration. 
 Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Organic fields yielded statistically significant higher levels of soil quality for two out of 10 
soil quality indicators (Table 8).  These included SOM and annelids. The conventional field yielded 
statistically significant higher soil quality levels of pH, salinity, phosphorus, and potassium. The 
primary reason for the majority of the conventional fields’ higher soil qualities was the additional 
usage of sustainable management practices, namely recent organic manure applications.   
The average percent SM for the organic field was 28.06 (Table 8). The conventional field 
averaged lower than the organic field with 25.76% SM.  The data for SM did demonstrate higher soil 
quality for organic fields in this characteristic. 
The average level of compaction for the organic field was higher with a measurement of 1.3 
kg/cm3. The conventional field yielded the lowest average level of compaction at 1.1 kg/cm3.  The 
organic field demonstrated higher levels of top soil compaction, thus exhibiting lower levels of soil 
quality characteristics. However, there was no statistical difference among any of the fields.  It is 
Table 8 Granquist Homestead soil quality indicators mean values 
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believed that the recent tillage of the conventional field, and increased hoof traffic in the organic field 
as the cover crop was grazed may have led to the result of no statistical difference. 
Infiltration rates were different at each site. The organic field exhibited a moderately rapid 
infiltration rate at 2.75 inches per hour. This was greater than the conventional field, which exhibited 
a moderate infiltration rate at 1.01 inches per hour. Although the conventional showed lower levels of 
compaction, the loamy-soil field exhibited the lowest infiltration category, moderately rapid, this is 
still within acceptable levels (USDA-NRCS, 2001).  
The average soil pH was 4.99 for the organic field, and the conventional field was 6.04. The 
significantly higher pH in the conventional field is most likely a result of the applications of lime two 
weeks prior to the soil testing.  Alternatively, the organic field did not receive any soil amendments 
within the two months. 
The average soil salinity expressed in micro-Siemens (µS) is 997 for the organic field with a 
standard deviation of 295.651 (µS). The conventional field averaged a salinity of 1551, with a 
standard deviation of 324.42 (µS). This was the highest recorded among the three fields. These higher 
levels of salinity in the conventional field are most likely the result of the application of green 
manures.    
The average concentration of nitrates in the soil column expressed in ppm was 192 for the 
organic field, while the conventional field averaged approximately 232ppm. The average 
concentration of phosphorous in the soil column expressed in ppm is 13ppm for the organic field. The 
conventional field averaged approximately 29 ppm. The average concentration of potassium in the 
soil column was 64ppm for the organic field. The conventional field averaged a potassium budget of 
160ppm.  
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While the conventional field demonstrated statistically significant higher levels of 
phosphorus in the soil column, this is most likely due to the previously mentioned green/organic 
manure applications on the conventional fields prior to the soil sampling.   
The average percent SOM for the organic field was higher than for the conventional field.  
The average level of SOM for the organic field was 7.82%, whereas the conventional field yielded the 
lower average level of SOM at 6.16%.   The organic field demonstrated a higher percent of SOM, 
thus exhibiting higher levels of soil quality.  It is believed that the recent applications of green or 
organic manures helped build higher levels of SOM in the conventional field. 
The average number of annelids per site per field for the organic field was statistically 
significantly higher than in the conventional field.  The organic field had an average of 39 worms, and 
the conventional field averaged 0.7. This is most likely due to reduced tillage within the organic field 
compared to the others. 
Summary Findings  
The Granquist homestead organic and conventional fields serve as an interesting comparison 
as the conventional field utilized several organic soil management techniques including cover 
cropping, organic “green” manures (applied approximately two months before sampling), and 
reduced tillage.  As the conventional field had received some positive field management, it yielded 
better soil quality values than expected.  The SOM levels, while still higher in the organic field, were 
closely matched by the conventional field at 6%, and were higher than all the other conventional 
fields.  This is most likely due to the applications of lime, and organic cow manure that was obtained 
from the local dairy farm.  This also can possibly account for the higher presence of NPK nutrients, 
salinity, and pH. The increased infiltration rates within the conventional field are most likely 
attributed to the recent weed suppression method of tillage. 
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4.2.3 Highland Farm West 
Brief History: Highland Farm West is owned by two local farmers. The farm is split into four 
main fields as a small organic CSA. All four fields are of the Field Silt Loam soil type, with 
approximately 72.9% sand, 20.4% silt, and 6.7% clay. Please note geographic setting as mentioned in 
descriptions above. 
Field 1: Organic grain production for two years, previously conventional potato fields. 
Field 2: Resting field, 2 years ago conventional potato, little to no activity. 
Field 3: Up until December 2012, was part of a conventional potato farm, now in cover crop. 
Field 4: Organic row vegetable for two years. 
Soil Quality Indicator Values and Statistical Significance  
Overall, the first organic field exhibited higher mean values for six out of 10 soil quality 
indicators that were measured against the conventional field (Table 9).  The only exceptions were for 
pH, phosphorus, potassium, and infiltration levels. 
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Table 9 Highland Farm West soil quality Mean Values and Statistical comparisons between fields 
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Organic field management yielded statistically significant higher levels of soil quality in six 
out of ten soil quality indicators (Table 9).  This includes SOM, SM, compaction, salinity, nitrates, 
and annelids. However, even as the organic fields exhibited higher soil qualities in most areas, there 
was a statistically significant difference in soil pH in the conventional field’s favor.   The differences 
between organic and conventional management were not statistically significant in the measurements 
for phosphorous, potassium, and infiltration. 
Overall, the second organic field (Field 4) exhibited higher mean values for seven out of ten 
soil quality indicators that were measured against the conventional field (Table 10).  The only 
exceptions were for compaction and pH. 
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Organic field management yielded statistically significant higher levels of soil quality in five 
out of ten soil quality indicators (Table 10).  This includes SOM, SM, salinity, nitrates, and annelids. 
However, even as the organic fields exhibited higher soil qualities in most areas, there was a 
statistically significant difference in soil pH in the conventional field’s favor.   The differences 
between organic and conventional management were not statistically significant for compaction, 
phosphorus, and potassium. 
Table 10 Highland Farm West soil quality Mean Values and Statistical comparisons between fields 
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The average percent SM for the first organic field (Field 1) was 29.75% (Table 9). The 
second organic field (Field 4) had an average SM content of 28.15% (Table 10).  The conventional 
field averaged lower than the organic field with 18.49% SM.  In this case the organic fields exhibited 
statistically significant higher soil quality values for SM than for the conventional field. 
The average level of compaction for the first organic field was higher with 0.6 kg/cm3 and 1.3 
kg/cm3 for the second organic field (Field 4). The conventional field yielded an average level of 
compaction at 1.0 kg/cm3.  The organic field (Field 1) demonstrated lower levels of top soil 
compaction, thus exhibiting higher levels of soil quality than the conventional field, which also 
proved to be statistically significant. However, the conventional field had lower levels of compaction 
than the second organic field (Field 4) in which the difference between the two was not statistically 
significant. 
Infiltration rates were different among all sites. The conventional field yielded the fastest 
water infiltration rate at 51.9 inches per hour, which is very rapid even for a sandy soil. (USDA-
NRCS, 2001). Field 1 exhibited a very rapid infiltration rate at 23.6 inches per hour while Field 2 
yielded a rapid infiltration rate of 11 inches per hour. All three fields showed excellent water 
infiltration.  Although the conventional field measured the highest infiltration class, at very rapid, this 
may increase the amount of eluviation of minerals through the soil profile (USDA-NRCS, 2001). 
The average soil pH is 5.46 for the first organic field, and 5.37 for the second organic field. 
The conventional field averaged a pH of 6.04.  Overall, there is a significant statistical difference in 
mean values in soil pH. The reason for the higher pH for the conventional fields is expected to be 
associated with increased lime applications. 
The average soil salinity is 285 (µS) for the first organic field, 322 (µS) for the second 
organic field.  The conventional field averaged a salinity of 91 (µS).  Overall, a statistically 
significant difference in higher soil salinity mean values was found in the organic fields. This is an 
indicator for a higher presence of micro and macronutrients within the organically managed fields. 
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The average concentration of nitrates in the soil column expressed in ppm is 136 for the 
organically managed Field 1, and 160ppm for the second organic field. The conventional field 
averaged 36ppm of available nitrates.  The average concentration of phosphorous in the soil column 
was 9ppm for the organically managed Field 1, and 11ppm for the second organic field. The 
conventional field averaged 10ppm of available phosphorous with a standard deviation of 5.367ppm.  
Overall, all three fields demonstrated very similar concentrations of phosphorous in the soil columns.  
The statistical analysis demonstrated that there was no significant difference in mean values among 
fields.  The conventional field demonstrated higher concentrations of phosphorous than organic Field 
1, however it was not greater than that of the organic Field 4. Further investigation is needed to 
explain the similar values of phosphorous. 
The average concentration of potassium in the soil column was 56ppm for the organically 
managed Field 1, and 68ppm for the second organic field.  The conventional field averaged 60ppm of 
available potassium.  Overall, the three fields demonstrated very similar concentrations of potassium 
in the soil columns.  The statistical analysis demonstrated that there was no significant difference in 
mean values among any conventional or organic fields.  The conventional field demonstrated slightly 
higher concentrations of phosphorous than organic Field 1, however it was not greater than the 
organic Field 4. Further investigation is needed to explain the similar values of potassium. 
The average SOM content for the organic fields was higher than that of the conventional 
field.  The average level of SOM for the first organic field was 9.92%. The second organic field had 
an average level of SOM of 8.42%, while the conventional field yielded the lowest average level of 
SOM at 4.95%.   The organic field demonstrated a higher percent of SOM, thus exhibiting higher 
levels of soil quality.  Surprisingly, there was a statistical difference between the two different organic 
fields, one an organic grain and the other organic row crops.  This will be explored further in the farm 
summary. 
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The average number of annelids for the organic fields was higher than for the conventional 
field.  The first organic field had an average of 6.3 worms, and the second organic field had an 
average of 4 worms, while the conventional field averaged zero as no worms were found.  The 
annelids were also weighed per site, and those numbers are available in Appendix 2.  The organic 
fields yielded statistically significant greater annelid populations than for the conventional field.  This 
is most likely due to the conventional field’s history of intensive tillage, increased compaction, and 
use of biocides. 
Summary Findings 
Highland Farm West’s two organic fields provided valuable data to be measured against 
conventional production.  The first organic field produced mixed vegetables, while the second organic 
field produced grains. Both of these were compared to a conventional field, which was in vegetable 
production, including potatoes. 
The organic vegetable field (Field 1) showed higher values of soil quality in six of the ten soil 
quality indicators.  The only exceptions were pH, phosphorus, potassium, and infiltration levels.  The 
higher soil quality values for pH could be explained by higher rates of lime applications to the 
conventional field. The higher phosphorus and potassium levels are most likely due to NPK fertilizer 
applications.  The most interesting finding is the higher levels of water infiltration.  This could be a 
result of very dry topsoil which had been exposed to the sun. 
Also between the conventional field, and the organic field planted with grains (Field 4), the 
conventional field demonstrated higher soil quality values in compaction, infiltration, and pH. The pH 
can be easily explained as most likely a result of higher lime applications. The compaction and 
infiltration differences are more puzzling.  Less machinery was used for the organic field, thus it 
should demonstrate lower levels of compaction. No reasonable answer is available to address why the 
conventional field had less topsoil compaction.  In regards to the infiltration rates, given the lower 
rates of topsoil compaction, it is reasonable to see higher rates of infiltration in the conventional field. 
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4.2.4 Viva-Growing Washington (Field 1 and 2) vs Hughes (Field 1 and 2) 
The organic farm in this matched pair consisted of two fields; Field 1 was under combined 
management by Viva and Growing Washington and was being transitioned to management by Viva 
exclusively; Field 2 was already exclusively managed by Viva. Both fields have undergone 
occasional intensive organic farming since 2009 and are currently growing organic vegetables.  After 
harvest, the plant remains were left in place as an effective and inexpensive cover crop. Grass also 
had been planted between rows. Please note geographic setting as mentioned in descriptions above. 
Field 1: Organic row vegetables for over three years, and farmed intensively with periods of 
rest, and cover cropping. However, this spring the field was left barren after tillage. 
Field 2: Organic row vegetables for over three years, and farmed intensively with periods of 
rest, and cover cropping. 
Hughes Fields 1 and 2 had been leased from a local family for four years and had been used 
annually for mixed vegetable, grains, corn, and potato farming. This field had been left barren after 
the harvesting of potatoes each year, until this year in which they had cover cropped and utilized a 
reduced tillage method of harvest. 
Field 1: Conventional mixed vegetable, corn, and potato farming, with rye/vetch cover crop  
Field 2: Conventional mixed vegetable, corn, and potato farming, with rye/vetch cover crop. 
Unfortunately, during the transitions of the land ownership the GPS data for the following 
comparisons were deleted and no maps other than those presented were produced by the research 
team. 
Viva/GW Field 1 vs Hughes Field 1 
During the soil sample collection process for the organic fields, it started raining. The 
conventional fields received about an hour of light rain that the organic soils did not receive. This 
 77 
may have influenced infiltration and soil moisture measurements. The soil type present on these two 
fields is the Mt. Vernon Very Fine Sandy Loam, with approximately 44.2% sand, 49.5% silt, and 
6.3% clay. 
Soil Quality Indicator Values and Statistical Significance 
Overall the organic field exhibited higher mean values for five out of ten soil quality 
indicators that were measured against the conventional field (Table 11). This included the 
compaction, infiltration, nitrates, phosphorus levels, and annelids.  The conventional field exhibited 
higher soil quality indicators for the other five out of ten indicators, i.e., SOM, SM, pH, salinity, and 
potassium. 
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Organic field management yielded statistically significant higher levels of soil quality in two 
out of nine soil quality indicators (Table 11).  These included: compaction, and nitrates. However, the 
organic field exhibited much lower soil quality levels than for any other comparisons in this thesis.  
Thus, there was a statistically significant difference in SOM, SM, and pH in the conventional field’s 
favor.  The differences between organic and conventional management were not statistically 
significant in the measurements for salinity, phosphorous, potassium, and annelids. 
Table 11 Viva/GW versus Hughes soil quality indicators mean values & Statistical Significance 
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The average percent SM for the first organic field was 11.93% (Table 11). The conventional 
field had an average SM content of 15.86%.  The conventional farm soil contained higher levels of 
soil moisture. This is most likely linked with several factors. The organic farm had been tilled and the 
soil left barren.  This increases soil temperature, reduces SOM as it oxidizes, and results in lower 
levels of SM as the soil bakes in the sun. 
The average level of compaction for the organic field was lower with 0.28 kg/cm3 with a 
standard deviation of 0.3 kg/cm3 (Table 11). The conventional field yielded the higher average level 
of compaction at 1.5 kg/cm3 with a standard deviation of 1.239 kg/cm3.  The organic field 
demonstrated significantly lower levels of top soil compaction, thus exhibiting higher soil quality 
values.  
Infiltration rates were significantly different. The organic field yielded the fastest water 
infiltration time at 52 inches per hour, which is very rapid even for a sandy soil. (USDA-NRCS, 
2001).  The conventional field exhibited the lowest possible infiltration class, impermeable. This 
indicates an issue with surface crusting, soil compaction, and soil structure (USDA-NRCS, 2001).  
The trend for slightly more acidic organic fields continued in this comparison.  The mean pH 
of the organic field was 5.59, and 6.87 for the conventional field.  This is most likely due to the 
timing of lime applications or spot applications by organic farmers. 
The average mean soil salinity was 551 (µS) for the organic field, and 791 (µS) for the 
conventional field (Table 11). The lower levels of salts in the organic field soil columns is a function 
of tillage and leaving the field barren allowing for the oxidation and consumption of SOM by soil 
microbes. 
The average concentration of nitrates in the soil column was 136ppm for the organic field, 
while the conventional field averaged 52ppm.  The organic field yielded statistically significant 
higher concentrations of nitrates in the soil column.  However as the field was left fallow for over two 
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months and most of the salts had been eluviated through the soil column, no other explanation is 
available to explain these results. 
The average concentration of phosphorous in the soil column was 22ppm for the organic field 
while the conventional field averaged 15ppm.  The mean concentration of potassium in the field was 
96ppm for the organic field, while the conventional field averaged 128ppm. 
This is the only organic field that exhibited a lower average percent SOM than the 
conventional fields.  The average percent of SOM for the organic field was 3.54%. The conventional 
field yielded a higher mean percent of SOM at 3.91.  The organic field demonstrated a lower percent 
of SOM, thus exhibiting statistically significant lower levels of soil quality.  The organic field was 
tilled before testing and left barren before sampling.  During this time the field was exposed to 
increased risks of top soil erosion, increased soil temperature. One negative effect of tilling is the 
increased oxidation of the soil. This allows for aerobic digestion of the SOM (which was previously 
inaccessible in microspores and soil peds) by soil microbes (Carter, 1995).   
The average number of annelids per site per field for the organic field was higher as the 
conventional field presented no worms in any of the three sample sites.  The organic (Field 1) field 
had an average of 1.3 worms.   
Summary Findings 
Due to the change in management, the organic field was left barren for several months before 
the soil sampling occurred.  This lack of positive soil management meant that the organic field 
demonstrated much lower soil quality values than any other organic field compared to their 
conventional counterpart.  While the Hughes conventional fields utilized cover cropping, and reduced 
tillage.  This led to the conventional field demonstrating higher levels of SOM, SM, pH, salinity, and 
higher potassium.  The organic field still was able to demonstrate higher soil quality values in higher 
nitrates, higher phosphorus levels, and a greater abundance of annelids. 
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Viva Field 2 vs Hughes Field 2 
The organic farm that operates on this field was managed by Viva.  However, as Viva Field 1 
was left fallow, Field 2 at the time of sampling was planted with organic row vegetables. While the 
soil samples were being taken for the organic fields, it started raining. The conventional fields 
received about an hour of light rain that the organic soils did not receive. This may have influenced 
infiltration and soil moisture measurements. The soil type for these fields is Field Silt Loam, with 
approximately 72.9% sand, 20.4% silt, and 6.7% clay. 
Soil Quality Indicator Values And Statistical Significance 
Overall, the organic field exhibited higher mean values for three out of ten soil quality 
indicators that were measured against the conventional field (Table 12). This included the SOM, 
infiltration, and annelids.  The conventional field exhibited higher soil quality indicators for the other 
7/10 indicators for SM, compaction, pH, salinity, and nitrates, phosphorous, potassium. 
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Organic field management yielded statistically significant higher levels of soil quality in one 
out of nine soil quality indicators (Table 12), i.e., SOM.  However, the organic field exhibited much 
lower soil quality levels than any previous comparisons except for Viva/GW Field 1 in this thesis.  
Table 12 Viva versus Hughes F2 soil quality indicators mean values & Statistical Significance 
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This led to a statistically significant difference in pH and salinity in the conventional field’s favor.   
The differences between organic and conventional management were not statistically significant in 
the measurements for SM, compaction, nitrates, phosphorous, potassium, and annelids. 
The average percent SM for the first organic field was 14.59% (Table 12). The conventional 
field had an average SM content of 17.70%.  The conventional farm’s soil contained higher levels of 
soil moisture. This is most likely linked with several factors. The organic farm had been tilled and the 
soil left barren.  This increases soil temperature, reduces SOM as it oxidizes, and results in lower 
levels of SM as the soil bakes in the sun. Also between sampling, the conventional field received 
about an hour of light rain more than that of the organic field. 
The average level of compaction for the organic field was slightly higher at 0.81 kg/cm3. The 
conventional field yielded the slightly lower average level of compaction at 0.79 kg/cm3.    The 
organic field demonstrated slightly higher levels of top soil compaction with a difference of means at 
.02 kg/cm3. 
Infiltration rates were significantly different. The organic field yielded the fastest water 
infiltration time at 17.7 inches per hour, which is rapid even for a sandy soil (USDA-NRCS, 2001).  
The conventional field exhibited a lower infiltration class, moderately rapid with an infiltration time 
of 2.4. Both fields exhibit values that are considered acceptable under the NRCS soil quality guide 
interpretation of results (USDA-NRCS, 2001). 
The trend for slightly more acidic organic fields still continued in this comparison.  The 
average mean pH of the organic field is 6.18 and 6.56 for the conventional field. 
The average mean soil salinity is 462 (µS) for the organic field and was found to be 
significantly higher in the conventional field with a soil quality value for salinity of 705 (µS).  This 
statistically significant higher soil quality value for salinity is a good proxy measurement for the 
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higher presence of micro/macro nutrients within the conventional field.  This could be in part due to 
the applications of synthetic fertilizers. 
The average concentration of nitrates in the soil column was 40ppm for the organic field, 
while the conventional field averaged 88ppm.  The average concentration of phosphorous in the soil 
column was 13ppm for the organic field, while the conventional field averaged 13ppm. The average 
concentration of potassium in the soil column was 120ppm for the organic field, while the 
conventional field averaged 144ppm. 
The average percent SOM for the organic field was 5.122% w (Table 12). The conventional 
field yielded a lower mean percent of SOM at 3.839% (Table 12). The higher level of SOM was 
expected as the organic field had consistently utilized organic fertilizers, and reduced tillage with the 
use of cover cropping. All of these practices help protect and build SOM within the soil profile. 
The average number of annelids per site per field for the organic field was higher as the 
conventional field presented no worms in any of the three sample sites.  The organic field had an 
average of 2.7 worms and the conventional field had no worms present.   
Summary Findings 
The organic field managed by Viva had consistent positive field management. This led the 
research team to believe that there would be a presence of higher soil quality values found in Viva’s 
second organic field over their first organic field. However, this did not occur. There were lower soil 
quality values in the second organic field than the first.  The second organic field yielded higher 
levels of soil quality values; it included all of the biological parameters, yet all the chemical 
parameters of soil quality were higher in the conventional field.  Higher values in the physical soil 
quality indicators were split between the conventional and organic field. 
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4.2.5 Osborne Seeds vs Hughes Field 3 
The Osborne Seed Co. has been producing seed for organic producers locally for over 32 
years.  Each year, the team at Osborne grows trial crops to produce the hardiest plant seeds.  Trials 
are continuing at their site adjacent to Hughes conventional vegetable farm, Growing Veterans, in 
Lynden. The soil type for the fields in this comparison are the Skagit Silt Loam, with approximately 
17.7% sand, 58.4% silt, and 23.8% clay. 
Field 1: Organic seed crops, for trial production. 
This organic field was matched to the Hughes Field 3, which has been used in the same 
manner as Hughes Fields 1 and 2 discussed previously. 
Field 3: Mixed vegetable, corn, and potato farming, with rye/vetch cover crop. 
Soil Quality Indicator Values and Statistical Significance 
Overall, the organic field exhibited higher mean values for six out of nine soil quality 
indicators that were measured against the conventional field (Table 13). Annelid analysis was not 
conducted. The six higher values included SOM, compaction, nitrates, phosphorus, potassium, and 
infiltration. The conventional field exhibited higher soil quality indicators for the other three out of 
nine soil quality indicators, i.e., SM, pH, and salinity. 
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Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
Organic field management yielded statistically significant higher levels of soil quality 
measures in two out of nine soil quality indicators (Table 13).  This only included SOM and 
compaction. The conventional field only yielded a statistically significant difference in pH.   The 
differences between organic and conventional management were not statistically significant in SM, 
salinity, nitrates, phosphorous, and potassium. 
The average percent SM for the first organic field was 12.74%. The conventional field had an 
average SM content of 15.22%. The conventional farm soil contained slightly higher levels of soil 
moisture. This is most likely linked with the hour of light rain before the research team could turn 
their attention to the conventional fields. 
The average level of compaction for the organic field was lower at 0.2 kg/cm3 while the 
conventional field yielded higher levels of compaction with a mean of 1.0 kg/cm3.  This higher level 
of compaction in the conventional field is most likely the result of the increased usage of 
mechanization, as well as the presence of slight soil crusting. 
Infiltration rates were significantly different between the conventional and organic fields. The 
organic field yielded the fastest water infiltration time at 57.7 inches per hour, which is very rapid. 
(USDA-NRCS, 2001).  The conventional field exhibited a lower infiltration class, rapid, with an 
Table 13 Osborne versus Hughes soil quality indicators mean values 
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infiltration time of 6.3 inches per hour. Both fields exhibited values that were considered acceptable 
under the NRCS Soil Quality Guide’s interpretation of results for water infiltration rates (USDA-
NRCS, 2001). 
The trend for slightly more acidic organic fields is still apparent in this comparison.  The 
mean pH of the organic field was 5.71, and 6.35 for the conventional field. The higher pH value of 
the Hughes field was presumably due to the recent applications of lime to the field approximately 
three weeks before sampling. 
The average mean soil salinity was 647 (µS) for the organic field, and 743 (µS) with a 
standard deviation of 230.672 (µS) for the conventional field. This is indicative that within the soil 
column there is a higher presence of salts, in addition to micro and macronutrients. 
The average concentration of nitrates in the soil column was 64ppm for the organic field, 
while the conventional field averaged 60ppm. The mean concentration of phosphorous in the soil 
column was 17ppm for the organic field, while the conventional field averaged 15ppm.  The average 
concentration of potassium in the soil column was 104ppm for the organic field, while the 
conventional field averaged 72ppm.  The organic field yielded higher NPK values over the 
conventional field.  This is most likely correlated with the usage of green manures and composts. 
The average percent SOM for the organic field was 4.77%. The conventional field yielded a 
lower mean percent of SOM at 3.85%.   The higher value of SOM is indicative of the green manure 
and compost applications that were applied to the organic field to enhance fertility and soil health.   
Unfortunately due to time constraints, the annelids analysis for these two fields was not able 
to be completed. Thus, no results are available for this comparison.  For future studies, every effort 
should be made to include this type of analysis, as it is a strong indicator of soil health and ultimately 
soil quality. 
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Summary Findings 
The Osborne Seed Co. farms following organic management showed higher soil quality 
values in most variables.  This included the use of organic manures which helped contribute to the 
higher levels of NPK and SOM, and is loosely correlated with reduced levels of topsoil compaction.  
Within the conventional field, the higher levels of SM can be attributed to the extra precipitation 
received over the organic field.  The pH was higher in the conventional field, most likely due to 
applications of lime. 
4.2.6 All Fields Combined Summary 
Overall Soil Quality Indicator Values 
All fields sampled were separated into the two main types of management for the seven 
matched pairs.  Mean values for all organic and conventional farms are shown in Table 14. As the 
sample sizes were different between the organic and conventional fields, the Welch’s t-test (slight 
variation of the Independent t-test or Student’s t-test) was used to determine if any statistical 
significance existed between organic field management and higher soil quality (Triola, 2008).  When 
all of the fields sampled were compared against organic and conventional management, several trends 
became apparent. 
Table 14 All Organic versus All Conventional soil quality indicators mean values 
Note: the significance level, given by the Students t-tests, Mann-Whitney tests, and Shapiro-Wilk tests. *denotes statistical significance, s = 
Students t-test, and m = Mann-Whitney. 
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For most variables, the organic fields had indicators for better soil quality than conventional 
fields. Only pH, phosphorous, potassium, and salinity were higher on the conventional fields, all of 
which had likely been supplemented by chemical applications. While the soil quality indicators have 
large differences in averages, only three (pH, SOM, and Annelids) are significantly different.  This 
lack of statistical difference is likely due to variability introduced by pooling together unlike soils in 
this combined field summary. 
The organic fields exhibited higher mean values for six out of ten soil quality indicators that 
were measured against the conventional fields (Table 14). This included: SOM, SM, compaction, 
infiltration, nitrates, and annelids. The conventional fields exhibited higher values for the other four 
out of ten soil quality indicators including pH, salinity, phosphorous and potassium. 
Organic field management yielded statistically significant higher levels of soil quality in two 
out of nine soil quality indicators (Table 14).  This only included SOM and annelids. The 
conventional fields only yielded statistically significant difference in pH.  This result could suggest 
that SOM and annelids are soil quality indicators that change relatively quickly, regardless of soil 
type, when organic practices are introduced. Thus, these two variables may provide the strongest 
evidence for soil improvement when changing from conventional to organic. The differences between 
organic and conventional management were not statistically significant in SM, compaction, 
infiltration, salinity, nitrates, phosphorous, and potassium. 
Physical Soil Quality Parameters 
For organic field measurements of SM, compaction, and water infiltration rates, higher levels 
of soil quality were demonstrated over their conventional counterparts.  Thus, all physical soil quality 
parameters supported this thesis’s hypothesis. 
The SM was higher in the organic fields by approximately four percent over their 
conventional counterparts; however, this was not a statistically significant difference (Figure 17).  
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The higher level of soil moisture in the organic fields is surprising as, before sampling, three of the 
six conventional fields received some mild precipitation that their organic counterparts did not 
receive.  Even with the unplanned precipitation, the organic fields were able to demonstrate higher 
soil quality in terms of soil moisture.  
The overall mean values for the organic fields showed lower levels of topsoil compaction by 
approximately 0.499kg/cm3 over their conventional counterparts (Figure 18).  The higher levels of 
topsoil compaction in conventional fields is not surprising as conventional field management usually 
Figure 17 Overall Means Values for Organic versus Conventional Percent Soil Moisture 
Figure 18 Overall Mean Values for Organic versus 
Conventional Top Soil Compaction (kg/cm3) 
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involves a greater focus on mechanization. Soils often remain bare for longer periods of time, leading 
to an increased risk of surface crusting (USDA-NRCS, 2015a).  The minor precipitation at some of 
the conventional fields, combined with topsoil runoff and lower levels of SOM (less soil cohesion), 
contributed to surface crust formation. 
Infiltration rates in organic fields, were twice that of the conventional field, but not 
statistically significantly higher due to the huge variability in measurements (Figure 19). The organic 
fields were higher at 23.5 inches per hour, in the very rapid infiltration class while the conventional 
fields were measured at 10.3 inches per hour and scored in the rapid infiltration class (USDA-NRCS, 
2001). In terms of soil quality, both values are considered good, and showed that water was able to 
move through the soil profiles well.  The only fields that had issues with infiltration were the Dariotis 
organic and the Hulbert’s conventional fields.  These fields had become oversaturated with water due 
to heavy rains. No other indications of ponding or of poor infiltration occurred at any other sites. 
 
 
Figure 19 Overall Mean Values for Organic Versus Conventional Water 
Infiltration rates 
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Chemical Soil Quality Parameters 
The Chemical soil quality parameters tended to yield different results than expected – the first 
being statistically significant higher levels of soil pH in conventional farms over organic.  The 
Salinity, Phosphorous, and Potassium levels were also higher within the conventional fields. Only 
nitrate levels were higher within the organic fields, supporting the stated hypothesis of this thesis.   
The soil pH proved to be significantly less acidic in conventional fields (Figure 20) with a 
mean pH of 6.29 versus the more acidic conditions in the organic fields, which were measured at a 
pH of 5.58.  The additional applications of lime are most likely responsible for the less acidic 
conditions in the conventional fields.  
Figure 20 Overall Mean Values for Organic versus Conventional Soil 
pH 
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The presence of salts was higher, but not significantly higher, in the conventional fields over 
the organic fields (Figure 21).  The measurements of soil salinity served as an indicator of both anions 
and cations within the fields.  The higher level of salts within the conventional fields may be an 
indicator of the higher presence of Ca2+ ions. This could be a function of the lime applications that 
could cause the pH to be the higher, or less acidic conditions in the conventional fields.   
 
The macronutrient results were mixed.  The organic fields showed higher levels of nitrates 
available, while the conventional field showed slightly higher levels of phosphorous, and higher 
levels of potassium as shown in Figure 22.  The levels of nitrates could be explained by the use of 
nitrogen-fixing cover crops, while mass infusions of phosphorous and potassium from synthetic 
Figure 21 Overall Mean Values for Organic versus Conventional Soil 
Salinity  
(expressed in micro-siemens) 
 92 
fertilizers are most likely the cause of elevated phosphorus and potassium levels. None of these 
differences are statistically significant. 
With all of the chemical soil quality parameters except for nitrates, the conventional fields 
yielded higher values of soil quality in soil salinity, pH, phosphorus, and potassium. As soil fertility is 
usually associated with the chemical parameters of soil quality, these higher levels of all chemical soil 
quality indicators in the conventional fields (except nitrates) demonstrate higher levels of soil fertility. 
 
 
 
 
 
 
Figure 22 Overall Mean Values for Organic versus Conventional NPK expressed in PPM 
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Biological Soil Quality Parameters 
Overall, the organic fields expressed statistically significant higher levels of SOM and 
annelids presence within the soils. Thus, all biological soil quality parameters supported this thesis’s 
hypothesis. 
The average percent SOM for the organic field was 7.24%, significantly higher than the 
conventional field at 4.62% (Figure 23). The higher value of SOM is indicative of the green manure 
and compost applications that are applied to the organic field to enhance fertility and soil health. 
The annelid analysis, shown in Figure 24, indicates that the conventional field had lower 
annelid populations.  The organic fields yielded 8.9 worms per field sample site, while the 
Figure 23 Overall Mean Values for Organic versus Conventional Soil 
Organic Matter 
Figure 24 Overall Mean Values for Organic versus Conventional 
Annelid Analysis 
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conventional fields yielded significantly fewer. This suggests that conventional agriculture can create 
a hostile living environment for annelid populations by increasing mortality from tilling and chemical 
use. 
 
Summary Findings 
Overall, the organic fields exhibited higher mean values for six out of ten soil quality 
indicators that were measured against the conventional fields. This included: SOM, SM, compaction, 
infiltration, nitrates, and annelids. The conventional field exhibited higher soil quality indicators for 
the other four out of ten soil quality indicators including pH, salinity, phosphorous, and potassium. 
Organic field management yielded statistically significant higher levels of soil quality in two 
out of nine soil quality indicators.  This only included SOM and annelids. The conventional fields 
only yielded a statistically significant difference in pH.   The differences between organic and 
conventional management were not statistically significant in SM, compaction, infiltration, salinity, 
nitrates, phosphorous, and potassium. 
Summary of Overall Sustainability and Scoring of Soil Quality 
This thesis attempts to investigate the effects of organic management on soil quality. A 
simple comparative analysis was performed separating 10 soil quality indicators into physical, 
chemical, and biological parameters. Although similar to other studies analyzing organic and 
conventional farms, this thesis differs by using multiple matched pairs, in contrast to other studies’ 
use of a single matched pair of fields from a research station or farm study site for a university. 
As organic farms are required to use organically-certified practices, there is a common 
standard of practice.  However, it is the case that conventional farms are often able to adopt positive 
management styles and strategies (as used on organic farms), such that many of the observed soil 
quality parameters were not significantly different between the two management types (Diepeningen, 
 95 
2006).  This means that the differences between organic and conventionally managed fields are less 
apparent.  Many of the positive practices utilized in organic farming were adopted by approximately 
two-thirds of the conventional farms in this study. This includes the use of animal manures, cover 
crops, reduced tillage, and fallowing fields.  Also, as in the Diepeningen et al. (2006) research, this 
thesis research uncovered so many different types of crops in different stages of growth that we were 
unable to take into account all of the variability in yield, as well as geographic and natural soil 
variation for each field. 
The statistically significant differences found between organic and conventional management 
were in the biological and chemical parameters.   The physical soil properties were dominated with 
higher soil quality values in the organically managed fields. However, they were not statistically 
significant.  Only within the chemical properties of the soil did the conventional farms yield higher of 
soil quality values (except in available nitrates), and in one case (pH) yielding statistically significant 
results. 
Physical soil quality indicators included infiltration, percent SM, and compaction. All three 
soil quality indicators yielded higher soil quality values in the organic fields.  However, no statistical 
significance was found.  Higher water infiltration rates in the organic fields was noted, suggesting a 
greater porosity.  This greater porosity theoretically could have affected eluviation of the majority of 
the water soluble nitrates out of the organic soils. However, as higher levels of nitrates were found in 
the organic fields, it is hypothesized that the higher levels of SOM helped retain the nitrates. 
 The topsoil compaction was also greater in conventional fields, which also influenced a 
number of soil quality indicators.  The higher levels of compaction could also be a symptom of 
surface crusting, thus influencing infiltration rates and available soil moisture.  As organic farms have 
higher soil quality values in all three physical indicators, this suggests greater physical soil quality, 
even though there were no statistically significant findings. 
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The biological soil quality indicators included SOM levels, and annelid analysis. This thesis 
research showed that the organically managed fields yielded statistically significant greater biological 
soil health than that of their conventional counterparts.   These findings were similar to Reeves 
(1997), Diepeningen et al. (2006), and Rodale (2015) who found differences in the biological 
parameters between organic and conventional farms, with few differences in the chemical and 
physical parameters. 
Research from Reeves (1997), Diepeningen et al. (2006), and the Rodale Institute (2015), has 
added to the scientific literature demonstrating that the positive effects of organic field management 
on soil conditions is due to the use of animal manures as fertilizers, cover crops, and reduced tillage. 
When organic field management is properly undertaken, higher soil quality values can be found in the 
organic fields. 
The higher percent of SOM found in the organic fields is also very important in promoting 
greater physiological soil quality in fields (Gomiero et al., 2011).  The statistically significant findings 
in increased SOM in organic fields could suggest a host of benefits for soil quality, such as: 
 binding soil particles together 
 contributing to the reservoir of plant nutrients 
 maintaining soil temperature  
 providing a sustenance source for microbes 
 binding heavy metals and pesticides 
 influencing water holding capacity and aeration 
Annelids are very important in farming systems and are accredited “with increasing soil 
microbial activity, soil chemical fertility and enhancing soil physical properties” of the fields (USDA-
NRCS, 2001, P. 73). The annelid populations often vary greatly depending on the available food 
supply and the conditions of the soil (USDA-NRCS, 2001).  The higher presence of annelids in the 
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organic fields provided a host of benefits to the fields such as “improved soil tilth, aeration, 
infiltration, and drainage” (USDA-NRCS, 2015b, P. 1). In agreement with other studies (Reeves, 
1997; Pimentel, 2005; Diepeningen et al., 2006; and Rodale, 2015), the increased SOM and annelids 
indicated a higher bacterial species richness, and thus an increased resilience in the organic soils (due 
to the diversity of organisms). This would indicate that the soils have greater “soil health” than that of 
the conventional fields. This can be attributed to the fact that within the organic systems there was an 
overall reduction in tillage, use of organic amendments, and the required absence of artificial 
fertilizers and biocide (Diepeningen et al., 2006).   
The chemical soil quality parameters were the only test parameters where soil quality in 
conventional was higher than in the organic fields (except for nitrates). The pH was the only soil 
quality parameter in which the conventional farms demonstrated a statistically significant difference. 
The conventional farms averaged a soil pH of 6.3 compared to a more acidic 5.6 for the organically 
managed fields. As northwest soils are naturally acidic, the higher pH of the conventional fields is an 
indication of the increased usage of lime applications.  While none of the other soil quality parameters 
proved to be statistically different, the salinity (an indicator of available salt minerals in the soil), 
potassium, and phosphorous levels were all higher in conventional fields. This is most likely due, in 
part, to the applications of mineral fertilizers throughout the conventional fields (Gomiero, 2011a). 
The organic farms had higher levels of nitrates than conventional fields but the difference 
was not statistically significant.  This is opposite to what was found by the Diepeningen et al. (2006) 
study, which found lower levels of nitrates throughout their organic fields. The Danish research team 
highlighted that they suspected the “gifts of nitrogen” through nitrogen fertilizer applications in 
conventional farms to be the main reason behind the slightly higher levels of nitrogen.  However, 
nitrates are more prone to leaching in conventional farms, and it is believed that this is a result of 
lower levels of SOM that act to bind the nutrients in place, making them available for plant uptake 
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(Gomiero, 2011b).  Thus the higher SOM levels in organic farms throughout this study may also be 
responsible for the higher levels of nitrates in the soil (USDA-NRCS, 2015a).   
Overall, this thesis research shows results similar to previous soil quality studies that include: 
Reeves, 1997; Pimentel et al, 2005; Diepeningen et al., 2006; Stalenga et al., 2008; Tuomisto et al., 
2012; Rodale, 2015. The statistically significant differences in soil health (biological and physical 
parameters) highlight the high species richness and overall improved health of the soil biota and soils 
over conventional farms.   The conventional fields did show a higher presence of available 
macronutrients and salts (except nitrates) and a higher pH, which are all important for soil to function 
in the agricultural setting. 
It is important to note that the individual farm comparisons provide unique data specific to 
each farm. Further research that examines the individual comparisons will yield greater understanding 
of the interrelationship among soil quality indicators. 
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5Chapter 5 
5.1 Discussion and Conclusion  
The purpose of this thesis was to investigate possible differences in soil quality resulting from 
two different types of soil management.  The research question addressed in this thesis was: Do 
organic farms exhibit higher soil quality in all three parameters (physical, chemical, and biological)? 
This study sought to discover the effects of organic versus conventional agricultural 
management on soil quality by analyzing 10 soil variables.  To be considered organic, the field had to 
be farmed using organic management techniques for at least three years as required by USDA 
guidelines (USDA-NRCS, 2001), however the organic farms did not need to have certification. 
These “essentially organic” fields were found to exhibit higher soil quality values in physical 
and biological parameters.  The biological parameters higher in organic fields proved to be 
statistically significant.  The chemical parameter values, except for nitrates, were higher in the 
conventional farms. The only statistically significant positive soil indicator in conventional fields over 
organic was the higher pH.  Therefore, the organic fields exhibited higher physical and biological soil 
qualities.  The conventional fields exhibited higher soil qualities in the chemical parameters (not 
nitrates) for higher levels of soil fertility.  This is due, in part, to the widely available chemical 
fertilizers used, and abundance of lime applications common in the conventional fields (Diepeningen 
et al., 2006). 
Healthy soil is defined by researchers Van Bruggen and Semenov as “a stable system with 
resilience to stress, high biological diversity and high levels of internal nutrient cycling” 
(Diepeningen et al., 2006, P. 14).  The organic soils in this study showed high soil quality values in 
both physical and biological properties.  As organic farmers provide more organic carbon to their 
fields, they are able to maintain statistically significant higher levels of SOM and nitrate levels. Thus, 
it can be concluded that the fields under organic management showed a higher propensity, on 
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average, to have more stable soil health than their conventional counterparts (Diepeningen et al., 
2006). 
As organic farming is a set of practices that is certified by the USDA, it has become known 
for its requirements: No genetically modified organisms, no artificial fertilizers, and no artificial 
pesticides and biocides (USDA Organic Production and Handling Requirements, 2015).  They also 
have many positive management practices, many of which are available to conventional farmers. 
Both types of farmers share a number of management practices, and therefore soil quality 
characteristics, even under intensive agricultural conditions. The main finding of this thesis research 
show that the main differences between the two types of agriculture are the higher physical and 
biological soil quality indicators in organic farms, and the higher chemical soil quality indicators 
(except that of nitrates) of conventional farms. 
Higher physical and biological soil quality indicator values on organic farms could also be a 
result of a reduced tillage and plow passes and depth, higher use of organic manure fertilizers, and an 
absence of chemical fertilizers and pesticides.  However, as in the Granquist Homestead, some of the 
conventional farmers use organic manures to fertilize their fields in combination with cover crops.    
Thus it was expected to find conventional farms that utilized organic and sustainable practices within 
their farms to exhibit higher soil quality values in some parameters.  Some trends were more evident 
early on, but the overall implications and trends of organic and conventional management did not 
become apparent until all fields were examined.  
In the first comparison between the Dariotis field homestead and the Hulbert’s conventional 
field, the organic field yielded higher values in soil qualities in every category, and provided 
statistically significant results in SOM, compaction, pH, Salinity, and NPK.  This farm provided a 
clear picture of organics outperforming conventional agricultural management regimes.  The 
conventional farmers did not use any sustainable practices in their management regime, and it was 
apparent in this comparison.   
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The second side-by-side comparison was the Granquist homestead which provided a different 
view of organic and conventional agriculture. The main field was under lease to the neighbors who 
used it for conventional mixed vegetables, corn, and hay silage.  This conventional field utilized some 
sustainable practices fundamental to organic agriculture including the use of green manures, reduced 
tillage, leaving rootstocks in place for extra bio-matter accumulation, and cover cropping.  Thus, the 
comparison to the organic field under similar production yielded much different results than that of 
the Dariotis/Hulbert’s fields.  The organic field outscored the conventional field in SOM, SM, and 
annelids, while the conventional farm showed favorable soil quality measurements in compaction, 
pH, salinity, and NPK. This can almost certainly be attributed to the extra lime and organic animal 
manure applications throughout the conventional field. 
Highland Farm West had two organic fields compared to one conventional.  It is surprising 
that even though the two organic fields were extremely close geographically, and utilized the same 
management regiment, the soil quality values were different.  The first organic field measured higher 
on SOM, SM, compaction, nitrates, and annelids. The conventional farms followed the trends of other 
sites, with higher chemical soil quality values in pH, phosphorous, and potassium, but not in salinity.  
The second organic field yielded higher soil quality properties in all biological and most of the 
physical (infiltration and SM) and chemical properties as well (NPK, and salinity). The conventional 
farm yielded higher soil quality values only with the indicators of compaction and pH.   
The overall differences among the organic fields suggests there is a level of variation that 
cannot be accounted for within the confines of this study.  Given timing of planting, types of 
vegetation, fertilizer applications, and other factors, there is an apparent variation in soil quality 
values despite being under the same form of management from the same farmers, and within the same 
geographical setting. 
For the Viva-Growing Washington fields, the second organic field was more intensely 
managed then the first.  This provided an interesting comparison, and highlighted what can happen to 
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an organic field when tilled and left barren for months after harvest, and without any soil conservation 
measures employed.  The first field, when compared to the neighboring conventional farm, showed 
lower levels of compaction, higher nitrates, and a greater population of annelids.  The first organic 
field failed to follow the trends of higher values of SOM and soil moisture content. The Hughes 
conventional farm was able to rank higher than the first organic field as it was practicing several 
sustainable practices, including cover cropping, crop-residue left in place, and crop rotations. The 
second organic field, which was being actively maintained, only followed the organic trend slightly 
with higher biological soil quality values only.  All other soil quality parameters were greater in the 
conventional field.  The author’s speculation is that the changing of land ownership caused 
disruptions by the farm employees in actively maintaining the quality of the soil.  Also, the SM 
content was affected by precipitation during the sampling of the conventional fields only, interfering 
with the ability to directly compare SM values among the fields. 
The Osborne Seed company operated an organic field adjacent to both the Hughes 
conventional and the Viva-GW fields.  The Osborne Seed employees were not in a state of flux, 
therefore the fields were under what appeared to be a more stable management regime.  This field 
achieved higher values in SOM, compaction, NPK, and infiltration.  Unfortunately, due to time 
constraints, there was no annelid analysis on this site.  The conventional field yielded, as the trends 
continued to suggest, a higher pH and a greater presence of salts in the soils.   
Overall, the thesis research showed similar results to the Diepeningen et al., (2006) study.  As 
stated earlier, organic farms are required to utilize organically certified practices, thus there should be 
less variation in organic farm management styles and less variations in soil quality. However, 
conventional farms are not beholden to any strict guidelines and are able to adopt positive 
management styles and strategies commonly practiced on organic farms.  Thus, as true for many of 
the conventional farms in this study, many of the soil quality parameters were not significantly 
different between the two management types (Diepeningen, 2006).  Thus, the differences between 
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organic and conventionally managed fields are not strongly manifested and therefore are less readily 
apparent.  Approximately 67% of the conventional farms in this study utilized soil conservation 
practices of some kind, including animal manures, cover crops, reduced tillage, and allowing fields to 
rest.  Also as in the Diepeningen et al. research, this study included so many different types of crops 
in different stages of growth that the research team was unable to take into account all of the 
variability in yield for each field and thus yields were not measured. That said, it is important to note 
that SOM and annelid presence are soil properties which change relatively quickly, and regardless of 
soil type, when organic practices are introduced.  Thus, these two variables may provide the strongest 
evidence for soil improvement when changing from conventional to organic practices.   It is possible 
that testing for these two variables, rather than all 10, may be adequate for determining and 
categorizing soil quality in Skagit County, and perhaps elsewhere. 
5.2 Concluding Remarks 
Continued research would help to strengthen this study, especially if the scope was expanded 
to the Pacific Northwest as a whole.  Further exploration into the soils of conventional and organic 
farms within this region would help highlight the differences in soil qualities.  This would also assist 
farmers in determining best practices that influence soil qualities.  Also, knowing the farm practice 
history and increasing the sample size of the fields involved in the study would help address any 
variance issues. 
This study highlights some of the benefits in soil quality that can be demonstrated from 
organic management techniques.  Future research could utilize additional physical and chemical soil 
quality parameters, such as bulk density, aggregate stability, slaking (particle disintegration), top soil 
depth, soil compaction at depth, and soil respiration. However, it is important to note that one 
direction that future soil quality research could take is to minimize the number of kinds of soil tests as 
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it appears that SOM and annelids are good indicators of soil quality, responsive to changes in 
practice, even during transition periods to organic farming. 
In conclusion, the overall results from the farm comparisons show a clear trend in higher soil 
qualities for the organic fields’ physical and biological parameters.  The statistically significant higher 
levels of SOM and annelids demonstrate a greater soil quality and health in organic farms in relation 
to their conventional counterparts.  Confirmation of part of the hypothesis in terms of these higher 
soil quality values is not surprising as the majority of the available research suggests similar results.  
What was surprising and did force the partial rejection of the original hypothesis was the statistically 
significant higher soil pH on conventional farms.  However, some of this could be due to increased 
biological activity in the soil. At the same time, it could well be that the best indicators of soil quality, 
at least in terms of timeliness in interpreting differences in soil quality between conventional and 
organic fields, is SOM and annelid measurements.  
Overall, a great deal was learned about each of the farm sites, including the influences from 
variations in both management and field history. It is the author’s hope that this study and others like 
it will continue to add to the scientific literature, thus increasing the understanding of the role that 
organic soil management can play in overall soil quality, leading to healthier ecosystems and an 
overall healthier pedosphere. 
 105 
6Bibliography 
Aulie, R. P. (1974). The mineral theory. Agricultural History, 369-382. 
Altieri, M. A. (1998). Ecological impacts of industrial agriculture and the possibilities for truly 
sustainable farming. Monthly Review: An Independent Magazine, 50(3), 60. 
Altieri, M. A. (2002). Agroecology: the science of natural resource management for poor farmers in 
marginal environments. Agriculture, Ecosystems & Environment, 93(1-3), 1. 
Altieri, M. A. (2004). Linking ecologists and traditional farmers in the search for sustainable 
agriculture. Frontiers in Ecology and the Environment, 2(1), 35-42. 
Altieri, M. A. (2009). Agroecology, small farms, and food sovereignty. Monthly Review, 61(3), 102-
113. 
Balfour, E.B. 1976. The Living Soil and the Haughley Experiment. Universe Books, New York. 
Ball, D.F. 1964. Loss-on-ignition as an estimate of organic matter and organic carbon in non-
calcareous soils. Journal of Soil Science. 15:84-92. 
Badgley, C., Moghtader, J., Quintero, E., Zakem, E., Chappell, M. J., Aviles-Vazquez, K., ... & 
Perfecto, I. (2007). Organic agriculture and the global food supply. Renewable agriculture 
and food systems, 22(2), 86-108. 
Bardsley, H. C. (1987). FERTILITY AND FERTILIERS. In Proc. Florida. State Horticulture. Society 
(Vol. 100, pp. 184-185). 
Blakemore, R. J. (2000). Ecology of earthworms under the ‘Haughley Experiment’ of organic and 
conventional management regimes. Biological Agriculture & Horticulture, 18(2), 141-159 
Bithell, S. L., Booth, L. H., Wratten, S. D., & Heppelthwaite, V. J. (2005). Earthworm populations 
and association with soil parameters in organic and conventional ley pastures. Biological 
Agriculture & Horticulture, 23(2), 143-159.  
Bowen, S., & De Master, K. (2011). New rural livelihoods or museums of production? Quality food 
initiatives in practice. Journal of Rural Studies, 27(1), 73-82. 
Brown, B. J., Hanson, M. E., Liverman, D. M., & Merideth Jr, R. W. (1987). Global sustainability: 
Toward definition. Environmental Management, 11(6), 713-719. 
Brye, K. L. (2005). Native Soil Quality and the Effects of Tillage in the Grand Prairie Region of 
Eastern Arkansas. American Midland Naturalist, 154(1), 28. 
Cardelli, R. R., Levi-Minzi, R. R., Saviozzi, A. A., & Riffaldi, R. R. (2004). “Organically and 
Conventionally Managed Soils: Biochemical Characteristics.” Journal of Sustainable 
Agriculture, 25(2), 63. Retrieved from EBSCOhost. 
Carpenter-Boggs, L., Kennedy, A. C., & Reganold, J. P. (2000). Organic and biodynamic 
management effects on soil biology. Soil Science Society of America Journal, 64(5), 1651-
1659. 
 106 
Carter, Martin R., ed. Soil Sampling and Methods of Analysis. CRC Press, 1993. 
Carter, M. R., & Stewart, B. A. (1995). Structure and organic matter storage in agricultural soils (Vol. 
8). CRC press. 
Chalker-Scott, L. (2004). The myth of biodynamic agriculture. Horticultural Myths. 
Churchman, G. J., & Landa, E. R. (Eds.). (2014). The Soil Underfoot: Infinite Possibilities for a 
Finite Resource. CRC Press. 
Dahlberg, K. A. (1991). Sustainable agriculture-fad or harbinger?. Bioscience, 41(5), 337-340. 
Drinkwater, L. E., Cambardella, C. A., Reeder, J. D., Rice, C. W., Doran, J. W., & Jones, A. J. 
(1996). Potentially mineralizable nitrogen as an indicator of biologically active soil 
nitrogen. Methods for Assessing Soil Quality. 217-229. 
Doolittle, W. (2004)  “Measuring Erosion.” Field Techniques. University of Texas, 
http://uts.cc.utexas.edu/~wd/courses/373F/notes/lec17ero.html 
Doran, J. W., & Zeiss, M. R. (2000). Soil health and sustainability: managing the biotic component of 
soil quality. Applied Soil Ecology, 15(1), 3-11. 
Effland, W. R., & Pouyat, R. V. (1997). The genesis, classification, and mapping of soils in urban 
areas. Urban Ecosystems, 1(4), 217-228 
Feller, C., Blanchart, E., Bernoux, M., Lal, R., & Manlay, R. (2012). Soil fertility concepts over the 
past two centuries: the importance attributed to soil organic matter in developed and 
developing countries. Archives of Agronomy and Soil Science, 58(sup1), S3-S21. 
Fließbach, A., Oberholzer, H., Gunst, L., & Mäder, P. (2007). “Soil organic matter and biological soil 
quality indicators after 21 years of organic and conventional farming.”  Agriculture, 
Ecosystems & Environment, 118(1-4), 273-284. doi:10.1016/j.agee.2006.05.022 
Fuller, V., & Mason, B. (1977). “Farm Labor,”  Annals of the American Academy of Political & 
Social Science, 42963. Retrieved from EBSCOhost. 
Goldin, A., (1992). Soil survey of Whatcom County Area, Washington. Washington, DC: U.S. Dept. 
of Agriculture, Soil Conservation Service 
Gomez, A. A., Kelly, D. S., Syers, J. K., Coughlan, K. J., Doran, J. W., & Jones, A. J. (1996). 
Measuring sustainability of agricultural systems at the farm level. Methods for Assessing Soil 
Quality., 401-410. 
Gomiero, T., Pimentel, D., & Paoletti, M. G. (2011). Environmental Impact of Different Agricultural 
Management Practices: Conventional vs. Organic Agriculture. Critical Reviews In Plant 
Sciences, 30(1/2), 95-124. doi:10.1080/07352689.2011.554355 
Gomiero, T., Pimentel, D., & Paoletti, M. G. (2011a). Is There a Need for a More Sustainable 
Agriculture?. Critical Reviews In Plant Sciences, 30(1/2), 6-23. 
doi:10.1080/07352689.2011.553515 
Granquist, L. (2006, August 1). Granquist Homestead [Personal interview]. 
 107 
Hall, Marvin H. & Roth, G. (2011). Soil Compaction. Penn State Extension. Retrieved from 
http://extension.psu.edu/agronomy-guide/cm/sec1/sec11f 
Hamza, M. A., & Anderson, W. K. (2005). Soil compaction in cropping systems: A review of the 
nature, causes and possible solutions. Soil & Tillage Research, 82(2), 121-145. 
doi:10.1016/j.still.2004.08.009 
Haneklaus S, Schnug E, Paulsen H, Hagel I. Soil Analysis for Organic Farming. Communications In 
Soil Science & Plant Analysis [serial online]. January 2005;36(1-3):65-79. Available from: 
Academic Search Complete, Ipswich, MA. Accessed March 4, 2012. 
Heckman, J. (2006). A history of organic farming: Transitions from Sir Albert Howard's War in the 
Soil to USDA National Organic Program. Renewable Agriculture and Food Systems, 21(03), 
143-150. 
Heiri, O., Lotter, A. F., & Lemcke, G. (2001). Loss on ignition as a method for estimating organic 
and carbonate content in sediments; reproducibility and comparability of results. Journal Of 
Paleolimnology, 25(1), 101-110. 
Herencia, J. F., Ruiz-Porras, J. C., Melero, S., Garcia-Galavis, P. A., Morillo, E., & Maqueda, C. 
(2007). Comparison between organic and mineral fertilization for soil fertility levels, crop 
macronutrient concentrations, and yield. Agronomy Journal, 99(4), 973-983. 
Hillel, D. 1991. Out of the Earth. Civilization and the Life of the Soil. California Univ. Press, CA. 
Holt Giménez, E., & Shattuck, A. (2011). Food crises, food regimes and food movements: rumblings 
of reform or tides of transformation? The Journal of Peasant Studies, 38(1), 109-144. 
Houskova , B. (2010). Soil themes and soil compaction. European Soil Portal-Soil Data and 
Information Systems. Retrieved from 
http://eusoils.jrc.ec.europa.eu/library/themes/compaction/ 
Jenny, H. (1941). Factors of Soil Formation: A System of Quantitative Pedology. McGraw Book Co. 
Jones, D., & Kunze, M. (2004). Guide to Sampling Soil Compaction Using Hand-Held Soil 
Penetrometers. CENTER FOR ENVIRONMENTAL MANAGEMENT OF MILITARY 
LANDS, TPS 04-1. 
Kahan, J. P. (2001). “Focus Groups as a Tool for Policy Analysis.” Analyses of Social Issues & 
Public Policy, 1(1), 129. Retrieved from EBSCOhost. 
Kareemulla, K., & Rao, C. R. (2012). Socio economic and policy issues in abiotic stress management. 
In Crop Stress and its Management: Perspectives and Strategies (pp. 565-584). Springer 
Netherlands. 
Karlen, D. L. (1993, October). Effects of soil and crop management practices on soil quality. In Proc. 
3 rd Intl. Conf. on Kyusei Nature Farming (pp. 46-57). 
Karlen, D. L., Mausbach, M. J., Doran, J. W., Cline, R. G., Harris, R. F., & Schuman, G. E. (1997). 
Soil quality: a concept, definition, and framework for evaluation (a guest editorial). Soil 
Science Society of America Journal, 61(1), 4-10. 
 108 
Karlen, D. L., Ditzler, C. A., & Andrews, S. S. (2003). Soil quality: why and how?. Geoderma, 
114(3), 145-1 
Kenmore, P. (2004). The Ethics of sustainable agricultural intensification (p. 3). Rome: Food and 
Agriculture Organization of the United Nations. 
Kibblewhite, M. G., Ritz, K., & Swift, M. J. (2008). Soil health in agricultural systems. Philosophical 
Transactions of the Royal Society B: Biological Sciences, 363(1492), 685-701. 
Kirchmann, H. (1994). Biological dynamic farming—An occult form of alternative 
agriculture?. Journal of Agricultural and Environmental Ethics, 7(2), 173-187. 
Kirchmann, H., Bergström, L., Kätterer, T., Mattsson, L., & Gesslein, S. (2007). Comparison of long-
term organic and conventional crop–livestock systems on a previously nutrient-depleted soil 
in Sweden. Agronomy Journal,99(4), 960-972. 
Klonsky, K., & Tourte, L. (1998). Organic agricultural production in the United States: Debates and 
directions. American Journal of Agricultural Economics, 1119-1124. 
Klungland, M., & McArthur, M. (1989). Soil survey of Skagit County area, Washington. Washington, 
D.C.: U.S. Dept. of Agriculture, Soil Conservation Service. 
Knight, A. J. (2010). Supersizing farms:  “The McDonaldization of agriculture.”  In G. Ritzer, G. 
Ritzer (Eds.) , McDonaldization: The reader (3rd ed.) (pp. 191-205). Thousand Oaks, CA US: 
Pine Forge Press/Sage Publications Co. Retrieved from EBSCOhost. 
Kociszewski, K., 2010. The Development of Organic Farming in Poland under the Conditions of 
Integration with the European Union.  Economic and Environmental Studies, Vol. 10 (Issue 
1), pg 11–22. 
Korcak, R. F. (1992). Early roots of the organic movement: A plant nutrition 
perspective. HortTechnology, 2(2), 263-267. 
Lindsay, B. NRCS Soil Survey Leader, personal communication, May 4, 2013 
Mader, P., Fließbach, A., Dubois, D., Gunst, L., Fried, P., and Niggli, U.2002a. Soil fertility and 
biodiversity in organic farming. Science 296: 1694–1697. 
Magdoff, F., & Weil, R. R. (Eds.). (2004). Soil organic matter in sustainable agriculture. CRC Press. 
Manlay, R. J., Feller, C., & Swift, M. (2007). Historical evolution of soil organic matter concepts and 
their relationships with the fertility and sustainability of cropping systems. Agriculture, 
Ecosystems & Environment, 119(3/4), 217-233. doi:10.1016/j.agee.2006.07.011 
McConnell, K. E., (1983, Feburary) An Economic Model of Soil Conservation. American Journal of 
Agricultural Economics, 65(1), 83-89. 
Montgomery, D. R. 2007a. Soil erosion and agricultural sustainability. PNAS 104:13268–13272. 
Montgomery, D. R. 2007b. Dirt: The Erosion of Civilization. University of California Press, 
Berkeley. 
 109 
Montgomery, David R. 2007c. "Is agriculture eroding civilization's foundation?." GSA Today 17, no. 
10: 4-9. GeoRef, EBSCOhost (accessed November 19, 2012). 
Mulder, C., Zwart, D., Van Wijnen, H. J., Schouten, A. J., & Breure, A. M. (2003). Observational and 
simulated evidence of ecological shifts within the soil nematode community of 
agroecosystems under conventional and organic farming. Functional Ecology, 17(4), 516-
525. 
Neher, D. (1992). Ecological sustainability in agricultural systems: definition and 
measurement. Journal of Sustainable Agriculture, 2(3), 51-61. 
Oueslati, W. (2005). Optimal Soil Management and Environmental Policy. In2005 International 
Congress, August 23-27, 2005, Copenhagen, Denmark (No. 24533). European Association of 
Agricultural Economists. 
Palladino, S., & Arthurs, L. (2010). Under-representation of soil erosion in visions of a sustainable 
future. Abstracts With Programs - Geological Society Of America, 42(5), 606. 
Pierce, F. J., Larson, W. E., & Dowdy, R. H. (1984). Soil loss tolerance: maintenance of long-term 
soil productivity. Journal of Soil and Water Conservation, 39(2), 136-138. 
Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M, Crist, S., Sphpritz, L., 
Fitton, L., Saffouri, R., and Blair, R. 1995. Environmental and economic costs of soil erosion 
and conservation benefits. Science 267: 1117–1123. 
Pimentel, D., Hepperly, P., Seidel, R., Hanson, J., & Douds, D. (2005). Environmental, Energetic, 
and Economic Comparisons of Organic and Conventional Farming Systems. Bioscience, 
55(7), 573-582. 
Pimentel, D. (2009). “Reducing Energy Inputs in the Agricultural Production System. “Monthly 
Review: An Independent Socialist Magazine, 61(3), 92-101. Retrieved from EBSCOhost.  
Pinstrup‐Andersen, P., & Hazell, P. B. (1985). The impact of the Green Revolution and prospects for 
the future. Food Reviews International, 1(1), 1-25.  
Powers, R. F., Scott, D. A., Sanchez, F. G., Voldseth, R. A., Page-Dumroese, D., Elioff, J. D., & 
Stone, D. M. (2005). The North American long-term soil productivity experiment: findings 
from the first decade of research. Forest Ecology and Management, 220(1), 31-50. 
Powers, R. F., Sanchez, F. G., Scott, D. A., & Page-Dumroese, D. (2004). The North American long-
term soil productivity experiment: coast-to-coast findings from the first decade. In Shepperd, 
WD, Eskew, LG (compilers), Silviculture in Special Places. Proceedings of the National 
Silviculture Workshop, Proceedings RMRS-P-34. USDA Forest Service Rocky Mountain 
Research Station, Fort Collins, CO (pp. 191-206). 
Pretty, J. N., Noble, A. D., Bossio, D., Dixon. J., Hine, R. E., Penning derVires, F.V. T., and 
Morrison J. I. L. 2006. Resource-conserving agriculture increases yields in developing 
countries. Environmental Science & Technology. 40: 1114–1119. 
Reeves, D. W. (1997). The role of soil organic matter in maintaining soil quality in continuous 
cropping systems. Soil and Tillage Research, 43(1), 131-167. 
 110 
Reeve, J.R., L. Carpenter-Boggs, S. Fransen, H. Sehmsdorf. 2010. Biodynamic spray preparations 
may improve soil pH and forage quality. 2010. International Conference of Environmental, 
Cultural, Economic and Social Sustainability 3-7thJanuary, Cuenca, Ecuador. 
Reeve, J. R., Carpenter-Boggs, L., & Sehmsdorf, H. (2011). Sustainable agriculture: A case study of a 
small Lopez Island farm. Agricultural Systems,104(7), 572-579. 
Reganold, J. P., & Palmer, A. S. (1995). Soil quality and profitability of biodynamic and conventional 
farming systems. A review. American. Journal of Alternative Agriculture. 10:36-46 
Reganold, J. P., & Palmer, A. S. (1993). Soil quality and financial performance of biodynamic and 
conventional farms in New Zealand. Science, 260(5106), 344. 
Rigby, D., & Cáceres, D. (2001). Organic farming and the sustainability of agricultural 
systems. Agricultural systems, 68(1), 21-40. 
Rodale Institute (2015). "REPORT: 30 Years of the Farming Systems Trial | Rodale Institute." Rodale 
Institute, Organic Pioneers since 1947 | Rodale Institute. N.p., 2011. Web. 9 Mar. 2015 
Rose, J. (2010). “The battle to Save the Polish Country Side,” Wise Traditions volume 11 number 4,  
Sanderson, F. J., Kloch, A., Sachanowicz, K., & Donald, P. F. (2009). „Predicting the effects of 
agricultural change on farmland bird populations in Poland.”  Agriculture, Ecosystems & 
Environment, 129(1-3), 37-42. doi:10.1016/j.agee.2008.07.001  
Schaetzl, R. J., & Harris, W. (2011). Spodosols. Handbook of Soil Sciences. 2nd ed. CRC Press, New 
York, 33-113. 
Schloter, M., Dilly, O., & Munch, J. C. (2003). Indicators for evaluating soil quality. Agriculture, 
Ecosystems & Environment, 98(1), 255-262. 
Schreiner, O. (1935). EARLY FERTILIZER WORK IN THE UNITED STATES. Soil Science, 40(1), 
39-48. 
Schulte, E.E. 1995.  Chapter 8 Recommended Soil Organic Matter Tests. In Recommended Soil 
Scofield, A.M. 1986. Organic farming—the origin of the name. Biological Agriculture and 
Horticulture 4:1–5 
Shepherd, M., Pearce, B., Cormack, B., Philipps, L., Cuttle, S., Bhogal, A., ... & Unwin, R. (2003). 
An assessment of the environmental impacts of organic farming. A Review for DEFRA-
Funded Project OF0405. 
Steiner, R. (1993). Agriculture: Spiritual foundations for the renewal of agriculture. Bio-Dynamic 
Farming & Gardening Association, Incorporated. 
Storer, D. A. 1984. A simple high sample volume ashing procedure for determining soil organic 
matter. Community Soil Sci. Plant Anal. 15:759-772. 
Stuiver, M., Heusser, C. J., & Yang, I. C. (1978). North American glacial history extended to 75,000 
years ago. Science, 200(4337), 16-21. 
 111 
Sullivan, P. 2002. Drought Resistant Soil. ATTRA, National Center for Appropriate Technology 
USDA. http://attra.ncat.org/attra-pub/PDF/drought.pdf  
Tiffen, M., Mortimore, M., & Gichuki, F. (1994). More people, less erosion: environmental recovery 
in Kenya. John Wiley & Sons Ltd. 
Tilman, D. 1998. The greening of the green revolution. Nature 396: 211–212. 
Thomassen, M. A., Van Calker, K. J., Smits, M. C. J., Iepema, G. L., & De Boer, I. J. M. (2008). Life 
cycle assessment of conventional and organic milk production in the 
Netherlands. Agricultural systems, 96(1), 95-107. 
Triola, M., & Triola, M. (2008). Elementary statistics with multimedia study guide (10th ed.). Boston: 
Pearson Addison Wesley. 
Tuck, S. L., Winqvist, C., Mota, F., Ahnström, J., Turnbull, L. A., & Bengtsson, J. (2014). Land‐use 
intensity and the effects of organic farming on biodiversity: a hierarchical meta‐
analysis. Journal of Applied Ecology, 51(3), 746-755. 
Tuomisto, H. L., Hodge, I. D., Riordan, P., & Macdonald, D. W. (2012). Does organic farming reduce 
environmental impacts?–A meta-analysis of European research. Journal of environmental 
management, 112, 309-320. 
U.S. Department of Agriculture. (2015, January 9). Retrieved May 22, 2015, from 
http://www.usda.gov/wps/portal/usda/usdahome?contentidonly=true&contentid=organic-
agriculture.html 
USDA-NRCS, 1998. ‘‘Soil Quality Test Kit Guide.’’ Section 1. Test procedures, and Section 2. 
Background and interpretive guide for individual tests. USDA-NRCS, Soil Quality Institute, 
Ames, IA. [On-line at  
USDA-NRCS, 2001. Guidelines for soil quality assessment in conservation planning. National 
Production Services, 501 West Felix St., Bldg. 23, Fort Worth, TX.  
USDA-NRCS, 2014a. Soil Quality Indicators; Soil Nitrates. National Production Services, 501 West 
Felix St., Bldg. 23, Fort Worth, TX.  
USDA-NRCS, 2014b. Soil Phosphorus. National Production Services, 501 West Felix St., Bldg. 23, 
Fort Worth, TX.  
USDA-NRCS, 2014c. Soil Potassium Management. National Production Services, 501 West Felix 
St., Bldg. 23, Fort Worth, TX.  
USDA Organic Production and Handling Requirements, 7.C.F.R. pt.1 (Section 205). 2015 
USDA-NRCS, 2015a. Soil Health Guide; Soil Organic Matter. National Production Services, 501 
West Felix St., Bldg. 23, Fort Worth, TX. 
 USDA-NRCS, 2015b. Soil Quality Indicators; Earth Worms. National Production Services, 501 
West Felix St., Bldg. 23, Fort Worth, TX. 
 112 
Usher, A. P. (1923). Soil fertility, soil exhaustion, and their historical significance. The Quarterly 
Journal of Economics, 385-411. 
Van Bruggen, A.H.C., Semenov, A.M., 2000. In search of biological indicators for soil health and 
disease suppression. Applied Soil Ecology. 15, 13–24. 
Van Diepeningen, A. D., de Vos, O. J., Korthals, G. W., & van Bruggen, A. H. (2006). Effects of 
organic versus conventional management on chemical and biological parameters in 
agricultural soils. Applied Soil Ecology, 31(1), 120-135.  
Vasilikiotis, Christos, Ph.D. 2006. Organics outperform conventional in long running trial (summary 
of Pimentel 2005 article in Bioscience 2005, 55 pp 573-582).  Pesticide News 71, pp 18-19. 
Vitousek, P. M., Aber, J. D., Howarth, R. W., Likens, G. E., Matson, P. A., Schindler, D. W., ... & 
Tilman, D. G. (1997). Human alteration of the global nitrogen cycle: sources and 
consequences. Ecological Applications, 7(3), 737-750. 
Wardle, D. A., & Reganold, J. P. (1994). Statistical analyses of soil quality. Science, 264(5156), 281-
283. 
Wezel, A. A., Bellon, S. S., Doré, T. T., Francis, C. C., Vallod, D. D., & David, C. C. (2009). 
Agroecology as a science, a movement and a practice. A review. Agronomy For Sustainable 
Development (EDP Sciences), 29(4), 503-515. doi:10.1051/agro/2009004 
Wolkowski, R., Lowery, B. (2008) Soil compaction: Causes, concerns, and cures. University of 
Wisconsin in cooperation with the U.S. Department of Agriculture, A3367 
  
 113 
8APPENDICES 
9Appendix 1 Farm Field Site Selection 
The map of farms sampled, soil types, and spatial representation of data collection sites 
follows: 
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The Granquist Homestead and all other maps includes the soil type map as a data layer.   
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11Appendix 2 Field Data 
All data are available in Microsoft Excel format upon request to the author. Due to the size of the 
data, only the raw data per sample site is presented. 
Data set per field (each samples found value, along with overall field mean values) 
 
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Dariotis 
Field 1 
Org
6.45 27.78 1.27 0 Infiltration 6.23 381.3333 196 22 120
1 7.95 29.16 1.50 6.34 270 160 8 40
2 5.93 27.95 1.50 6.14 440 100 20 160
3 7.22 30.52 1.20 6.05 360 320 20 160
4 6.68 28.51 1.10 5.92 620
5 7.08 29.61 1.20 6.37 200
6 5.99 27.25 1.10 5.96 500
7 6.05 27.63 1.20 6.49 280
8 6.22 27.56 1.20 6.24 460 160 20 80
9 6.41 27.90 1.40 6.36 450
10 5.43 25.76 1.20 6.23 340
11 7.15 29.51 1.20 6.59 150 240 42 160
12 6.81 26.89 1.20 6.29 250
13 6.56 27.18 1.20 6.00 650
14 5.12 23.26 1.40 6.35 330
15 6.19 28.06 1.50 6.17 420
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Hulberts 
Conv
4.97 25.73 2.06 0 Infiltration 5.86 186 32 15.2 112
1 3.78 22.61 2.25 6.32 190
2 6.22 21.35 2.30
3 3.26 21.23 2.28 6.32 140 40 20 160
4 2.95 22.85 4.00 6.27 170
5 4.37 24.29 3.20
6 5.73 27.51 2.50 5.67 210 40 8 80
7 7.01 29.96 1.70
8 7.00 28.85 1.50 5.3 310
9 6.48 26.59 2.60
10 5.24 25.67 2.50 5.8 190
11 4.94 27.32 1.20 5.96 160
12 4.79 26.38 2.30
13 5.03 26.72 1.20 5.64 210
14 5.06 25.15 2.00
15 4.92 26.53 1.50 5.92 160 40 20 80
16 5.14 26.39 1.50 5.96 120
17 4.70 25.56 1.38
18 1.51 24.29 2.00 6.15 210 20 20 80
19 5.57 26.01 1.60
20 5.32 27.14 2.00 5.69 270 20 8 160
21 5.26 27.70 2.00 5.89 130
22 4.44 25.12 2.50
23 4.63 26.55 3.00 5.41 200
24 4.95 26.76 2.50
25 4.11 22.61 1.80 5.53 120
26 5.64 28.24 1.25
27 5.39 27.07 1.90
28 5.10 25.53 2.50
29 5.31 25.02 2.00
30 6.19 27.64 1.10
31 4.14 23.00 1.80
 124 
 
 
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Granquist 
Organic 
7.82 28.06 1.34
17.4625mm 
in 15min
4.99 996.67 192 12.8 64
1 8.60 24.81 2.25 4.55 910 320 20 80
2 8.58 29.62 1.75 4.84 1260
3 7.03 26.41 0.75 5.64 1160 160 8 40
4 7.41 28.11 1.25 4.85 830
5 7.14 32.47 1.00 5.35 670
6 5.74 29.54 1.00 5.15 590
7 5.39 27.64 1.10 5.17 550
8 8.92 36.65 1.20 4.84 910 160 8 80
9 7.39 30.99 1.00 4.64 1320
10 7.64 25.76 1.50 4.68 1620
11 8.66 24.31 1.60 5.04 1100
12 12.55 29.26 1.00 5.14 980 160 20 80
13 10.19 26.40 1.50 5.06 1280
14 6.27 21.01 2.25 5.01 930
15 5.85 27.98 1.00 4.92 840 160 8 40
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Granquist 
Resting 
6.32 23.90 1.36
100% Drain 
6min
4.99 988.67 144 17.6 128
1 10.54 26.56 1.00 4.07 1590 320 20 80
2 5.12 22.35 1.60 4.61 940
3 4.75 21.38 1.75 4.46 950
4 6.72 25.07 1.25 4.69 1020
5 4.59 19.58 1.60 5.99 980 40 20 160
6 10.37 27.65 1.20 4.9 940 40 20 160
7 4.12 19.20 1.25 5.25 790
8 6.17 24.98 0.75 5.08 960
9 6.27 27.51 1.00 5 940
10 6.53 26.45 1.25 5.28 940 160 20 160
11 4.03 20.79 1.50 5.01 1080
12 5.27 22.13 1.25 5.1 1020
13 7.73 28.87 1.25 4.64 1030
14 6.72 24.85 1.75 5.13 700
15 5.83 21.12 2.00 5.6 950 160 8 80
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Granquist 
Conv.
6.16 25.76 1.14
6.35mm in 
15min
6.04 1550.67 232 28.8 160
1 4.96 21.43 0.75 5.78 1760 320 42 160
2 3.67 19.28 0.75 5.96 1730
3 5.19 21.46 1.00 5.94 1620
4 6.61 25.40 1.00 5.9 1300
5 5.38 22.50 0.75 5.81 1670 320 42 160
6 7.96 27.63 0.50 5.84 1460
7 9.00 31.84 0.60 5.96 1990
8 4.57 24.44 1.00 6.4 940
9 7.19 26.18 1.25 6.21 1400
10 7.64 31.24 1.50 6.14 1890 160 20 160
11 5.26 26.43 1.25 6.25 1510
12 6.11 27.83 1.25 6.09 1710 40 20 160
13 6.50 25.26 1.75 6.09 1310
14 4.82 23.53 2.00 6.1 980
15 7.58 32.03 1.75 6.06 1990 320 20 160
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Highland 
F1
9.92 29.74 0.62 Drain 11min 5.46 284.67 136.00 8.80 56.00
1 10.71 31.07 0.50 5.51 230
2 7.86 24.76 0.50 5.33 260
3 8.36 27.18 0.50 5.34 330 160 4 40
4 10.61 31.21 0.75 5.34 420
5 10.00 30.23 1.75 5.35 320 160 4 80
6 11.73 33.01 0.50 5.62 280
7 10.19 29.14 0.50 5.52 250 160 8 40
8 9.23 30.24 0.50 5.3 360
9 8.13 26.54 0.75 5.42 220
10 9.96 30.60 0.75 5.45 250
11 6.96 25.53 0.25 5.78 150 40 8 40
12 10.45 31.62 0.25 5.65 290
13 10.22 30.19 1.00 5.23 490 160 20 80
14 11.25 30.48 0.25 5.56 220
15 13.15 34.38 0.50 5.44 200
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Highland 
F3 
4.95 18.49 0.95
Drain less 
than 5min
6.04 91.33 36 10.4 60
1 6.23 22.20 1.00 6.18 100
2 5.24 20.05 1.00 5.88 90 40 8 80
3 5.48 20.73 1.25 6.01 100
4 2.89 12.92 1.75 6.11 80 20 8 40
5 5.51 19.92 1.50 5.87 90 40 8 60
6 4.66 17.75 0.75 5.95 70
7 4.83 17.01 0.25 6.24 80
8 4.93 17.11 0.50 6.09 80
9 4.79 19.38 0.50 5.8 110 40 20 40
10 4.69 19.85 0.75 6.1 100
11 4.85 18.41 0.75 5.88 100 40 8 80
12 5.08 19.47 0.50 6.34 100
13 5.26 18.28 0.75 6.08 90
14 5.14 17.25 1.50 6.12 90
15 4.70 16.98 1.50 6.02 90
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Highland 
F2
5.06 19.00 1.60 Drain 6 min 6.16 170 40 11.6 60
1 6.37 20.91 2.00 5.86 170 40 8 80
2 6.20 21.05 2.25 5.79 140
3 5.38 20.41 1.00 6.09 80 40 8 40
4 5.53 20.86 1.75 5.69 490
5 5.54 20.10 1.50 5.75 130
6 5.81 18.81 2.50 6.15 250
7 5.14 18.19 1.75 6.68 90
8 4.28 16.59 0.75 6.41 140 40 8 40
9 3.77 16.55 1.00 6.24 150
10 4.26 17.93 1.25 6.51 90
11 4.49 17.50 0.75 6.12 150 40 20 80
12 4.67 17.70 1.00 6.15 100
13 4.58 18.99 0.75 6.33 230 40 14 60
14 4.58 18.41 0.75 6.65 80
15 4.88 18.32 5.00 6.03 260
3-B 5.17 20.32
3-C 5.28 20.37
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Growing Veterans Data was not used for this thesis but is included  
 
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Highland 
F4
8.42 28.15 1.28
end at 
70mm (see 
Infiltromter)
5.37 322 160 10.8 68
1 7.66 26.42 2.25 5.38 380 160 14 60
2 9.52 29.22 2.50 5.1 230
3 5.17 32.98 1.75 5.54 410 160 8 80
4 9.49 29.32 1.25 5.32 390 160 4 60
5 9.08 27.96 0.75 5.25 330
6 9.66 29.68 1.50 5.55 280
7 7.75 24.73 1.25 5.53 230
8 9.55 28.06 1.00 5.08 370 160 8 60
9 8.31 27.07 0.75 5.21 380
10 6.91 24.48 0.75 5.41 260
11 8.19 27.56 0.50 5.55 240
12 9.35 29.88 1.25 5.25 420
13 8.54 27.90 1.50 5.48 260
14 8.54 28.72 1.50 5.4 340
15 8.52 28.27 0.75 5.5 310 160 20 80
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Growing 
Veterans
10.75 26.03 0.29
Complete 
drain 
(100mm)
5.88 442.67
1 12.70 28.33 0.00 5.78 560
2 9.83 26.50 0.30 5.63 400
3 10.35 26.06 0.25 5.69 320
4 9.37 24.94 0.75 5.63 410
5 9.73 26.04 0.00 5.72 310
6 19.42 20.55 0.75 5.66 440
7 9.99 26.20 0.00 5.82 390
8 7.36 21.48 0.25 6.03 300
9 10.47 28.77 0.25 5.87 500
10 11.04 31.17 0.50 5.76 510
11 7.29 20.92 0.25 6.22 340
12 9.44 23.05 0.35 6.66 440
13 10.71 28.75 0.40 5.56 670
14 11.88 30.47 0.25 6.03 500
15 11.66 27.28 0.00 6.08 550
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Bell Farms did not have a comparable conventional farm on the same soil type available for testing.   
 
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
GV Field 2 13.36 29.22 Missing Missing 6.06 593.33
1 11.56 31.82 6.61 260
2 46.97 67.90 6.18 600
3 7.71 23.40 6.05 460
4 10.00 26.14 6.5 400
5 12.90 26.33 6.49 270
6 7.98 22.94 5.91 330
7 14.19 32.37 5.98 610
8 10.36 27.05 6.38 580
9 9.33 21.54 5.79 1140
10 11.63 24.83 6.03 610
11 10.97 26.35 6.15 1040
12 7.72 18.05 5.77 470
13 11.29 26.03 5.59 990
14 9.58 23.03 5.58 470
15 18.25 40.46 5.96 670
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Bell F1 7.49 26.27 0.04 N/A 5.24 240.67 97.78 5.78 56.67
1 6.05 21.92 0.00 5.22 240 120 2 40
2 6.17 22.95 0.00 5.27 240 80 4 30
3 6.94 23.15 0.10 5.25 270 160 10 80
4 6.55 24.44 0.00 5.24 250
5 6.16 23.46 0.00 5.24 250 80 10 40
6 7.22 25.70 0.10 5.23 300
7 8.52 28.27 0.00 5.26 220 80 4 40
8 8.55 28.39 0.00 5.26 220
9 7.93 27.79 0.10 5.31 200 80 10 80
10 8.28 28.19 0.00 5.28 220
11 7.50 27.94 0.00 5.19 200 80 4 80
12 7.21 26.56 0.00 5.21 190
13 8.51 28.29 0.30 5.28 280 40 4 40
14 8.65 29.11 0.00 5.23 270
15 8.06 27.85 0.00 5.19 260 160 4 80
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Bell F2 8.11 30.26 1.25 N/A 5.15 469.33 160 10.4 112
1 7.00 25.75 1.25 5.32 330
2 8.39 28.29 1.30 5 400
3 8.64 31.26 1.10 5.27 450
4 9.08 32.01 1.25 5.23 620 160 20 80
5 8.09 33.23 1.10 5.11 470
6 6.81 31.98 1.10 5.2 350 160 8 80
7 9.22 34.00 1.30 4.9 570 160 8 160
8 7.17 28.44 1.80 4.82 480
9 6.53 26.79 1.10 5.53 430
10 8.37 30.44 1.40 5.34 500
11 6.98 29.42 1.20 5.01 510
12 7.80 31.95 1.00 5.19 380
13 9.49 33.28 1.20 4.93 660 160 8 160
14 7.73 26.21 1.20 5.08 400
15 10.35 30.89 1.50 5.35 490 160 8 80
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Viva/GW 
F-1 
3.54 11.93 0.28
110mm in 
5min
5.59 551.33 136 22 96
1 2.98 10.78 0.00 6.05 650
2 2.68 9.52 0.00 5.3 430 160 20 80
3 2.92 10.98 0.25 5.19 420
4 2.71 12.58 0.00 5.68 200
5 3.09 11.25 0.75 5.3 300 100 8 80
6 3.31 11.49 0.00 5.38 350
7 3.12 11.32 0.50 5.45 430
8 2.86 12.58 0.75 5.56 250
9 3.18 10.84 1.00 5.19 400
10 7.90 13.97 0.10 6.34 960 160 42 160
11 5.20 12.70 0.00 6.08 1990
12 3.65 12.68 0.10 5.37 550 100 20 80
13 3.22 15.19 0.50 5.73 300
14 2.98 14.19 0.00 5.81 480 160 20 80
15 3.26 8.95 0.25 5.45 560
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Hughes 
Potato F1 
3.91 15.86 1.46 0 6.87 790.67 52 15.2 128
1 4.48 16.70 1.25 6.81 480 20 8 160
2 3.76 16.05 2.25 6.81 400
3 4.04 15.78 3.35 6.82 830
4 3.98 14.01 1.50 6.36 1560 160 20 80
5 3.88 14.39 1.50 6.67 990
6 3.81 15.88 1.00 6.31 1290
7 3.78 16.88 4.00 6.95 630
8 3.84 14.97 0.50 7.06 100
9 3.86 16.24 0.50 7.2 840 40 20 160
10 3.83 16.90 0.87 7.09 810
11 3.75 16.22 0.25 7.16 780 20 20 160
12 3.71 15.35 0.50 6.58 1030
13 3.70 15.47 0.50 6.89 670
14 4.04 16.49 3.50 7.18 670 20 8 80
15 4.23 16.57 0.50 7.19 780
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Viva F2 5.12 14.59 0.81
75mm in 
10min
6.18 462 40 12.8 120
1 5.18 7.41 1.00 6.21 310
2 4.40 13.76 1.00 5.89 210 40 8 160
3 5.19 13.09 1.75 5.9 260
4 5.24 13.70 1.25 6.22 300
5 4.55 7.80 0.50 5.92 200
6 4.72 9.43 0.75 6.3 340 40 20 160
7 5.16 15.06 1.25 6.04 330 40 8 40
8 5.13 19.08 0.25 5.93 420
9 4.88 17.98 0.25 6.16 400
10 5.41 14.37 1.50 6.73 450 40 20 160
11 6.43 20.68 0.25 7.09 2000
12 5.45 19.05 0.00 6.01 620
13 5.27 17.94 1.00 6 390 40 8 80
14 5.19 16.95 0.85 5.96 350
15 4.62 12.52 0.60 6.32 350
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
 Hughes 
F2
3.84 17.69 0.79
15mm in 
15min
6.56 705.33 88 12.8 144
1 4.05 17.34 1.50 6.72 1160 160 8 160
2 4.06 17.83 1.25 6.75 1140
3 4.02 17.73 0.75 6.79 810
4 4.08 17.20 0.75 6.78 650 40 20 160
5 3.99 18.29 1.00 6.8 570
6 3.77 17.68 0.75 6.05 420
7 3.87 17.51 0.50 6.26 540
8 3.90 17.39 0.75 6.35 560
9 3.86 17.99 0.50 6.5 750 40 8 160
10 3.36 17.44 1.10 6.53 550 40 20 160
11 3.41 16.75 0.50 6.84 570
12 3.55 17.91 0.50 6.81 610
13 4.01 17.46 1.00 6.44 870
14 3.91 18.36 0.50 6.5 640
15 3.75 18.55 0.50 6.27 740 160 8 80
Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Osborne 
Seeds F-1
4.78 12.74 0.19
110mm/4.5
min
5.71 646.67 64 17.2 104
1 3.83 5.97 0.25 5.38 550 40 8 40
2 3.68 7.06 0.00 5.4 590
3 4.34 10.28 0.20 5.68 440 40 20 80
4 5.36 15.33 0.10 5.55 580
5 5.36 18.13 0.25 5.45 640
6 5.15 19.46 0.25 5.52 650 40 8 160
7 5.24 15.37 0.20 5.38 800
8 4.22 11.48 0.25 5.77 500
9 3.67 8.44 0.10 5.6 630
10 3.82 10.20 0.10 5.49 530
11 3.30 10.04 0.00 5.65 570
12 5.37 16.96 0.50 6.03 370 40 8 80
13 5.45 15.02 0.10 6.02 570
14 6.98 12.26 0.10 6.47 1300
15 5.91 15.07 0.50 6.2 980 160 42 160
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Sample  % SOM                  % Soil 
Compaction 
kg/cm3
Infiltration 
inches per 
hour
pH 
Salinity 
(µS)
Nitrates (n) 
PPM
Phosphorous 
(P) PPM
Potassium 
(K) PPM
Hughes F3 3.85 15.22 1.02
40mm/15mi
n
6.35 743.33 60 15.2 72
1 4.39 18.77 0.75 6.3 670
2 4.68 18.65 0.75 6.15 810
3 4.61 18.99 0.25 6.38 840
4 4.29 15.68 0.50 6.39 710 40 20 40
5 4.26 15.96 0.75 6.41 690
6 3.58 12.65 0.75 6.48 450 40 8 80
7 3.44 13.45 0.75 6.53 670
8 3.82 15.24 1.50 5.61 1710 160 20 80
9 3.95 16.40 1.80 6.54 750
10 4.17 17.51 2.20 6.4 900
11 3.05 11.47 1.00 6.45 500 20 8 80
12 2.86 10.66 1.50 6.56 400
13 3.00 12.19 1.25 6.13 490
14 3.73 13.67 0.75 6.56 570 40 20 80
15 3.93 16.96 0.75 6.37 990
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12Appendix 3 Statistical Analysis for Comparisons   
Statistical tests used 
 All soil test results with three or more samples per field were expressed as ratio or 
ordinal scale 
 Measure of Central Tendency was expressed as mean values for direct comparisons 
 Normality of distributions were determined with the Shapiro-Wilk test and 
(Kolmogorov-Smirnov normality) 
o Null Hypothesis Ho = Normal Distributed 
o Alternate Hypothesis Ha = Not normally Distributed 
o Significance level (α) or Alpha level is set at 0.05  
o If the p-value is less than or equal to the Alpha level then the null hypothesis 
is rejected, and the data are not normal 
o If the p-value is greater than the alpha level then the null hypothesis cannot 
be rejected, and then it can be assumed that the data are from a normally 
distributed population 
 Difference of means tests were determined utilizing the Student’s t-test (Independent 
two-sample t-test in SPSS) for normally distributed data 
o Null Hypothesis Ho = There is no statistical difference between conventional 
and organic farming in terms of soil quality 
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o Alternate Hypothesis Ha = Organic management regimes exhibit higher soil 
qualities than conventional farming 
o  Significance level (α) or Alpha level is set at 0.05If the p-value is less than 
the alpha level (0.05) then we reject the null hypothesis and accept the 
alternate hypothesis 
o If the p-value is equal to or greater than the alpha level (0.05) then we do not 
reject the null hypothesis 
 Difference of means tests with data that are not normally distributed or of the ordinal 
scale utilized the Mann Whitney tests  
o Null Hypothesis Ho = There is no statistical difference between conventional 
and organic farming in terms of soil quality 
o Alternate Hypothesis Ha = Organic management regimes exhibit higher soil 
qualities than conventional farming 
o  Significance level (α) or Alpha level is set at 0.05. If the p-value is less than 
the alpha level (0.05) then we reject the null hypothesis and accept the 
alternate hypothesis 
o If the p-value is equal to or greater than the alpha level (0.05) then we do not 
reject the null hypothesis 
All data are available in Microsoft Excel format upon request to the author. Due to the size of the data 
they are not available in this appendix. 
